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'HE  art  of  Mechanics  oiinf:^i}je' firfiytMh  m^^-had^ccc^.^^^^^^ 
to  make  ufe  of,  it  is  renfmioMe'^to  Juppofe  tf^t  h't(iDk''ity'^'bh-'^ 
ginning  ivith  majf 
For  no  fo: 
wanted  hci 

ground,  to  get  the-iji  hre.id^  "ajith  siher  necfjfarm'vf'life  -,  d)id  h^ir' 
thus  dejlitute  of  proper  habit qtiins,  'dnd  oU)^r'to)i^'imtpcesof7HHhgX^ 
their  zvants'  muft'  immediately  put '  them  upon,  the,  fudf  of  }i:^f}Mf' 
nics.     At  their  jirfi  fet ting  out^'flJEy^Kvotdd-i^ei^nnyit^  zvith^'^Wy 
little  theoij  ;  endeaviniring'to  pt,  tjidt^'ihore'b'^,  e^f^lmte  r'ha}/'Fta--[ 
fining,  and  being  7inacquaintpd'- with  numbers,  or  aity  fort  bf't^h'' 
cuktion-,  and  having  neither  nde  nor  c'ompnfs  tb  ^Sork  by,  no)-  m-' 
firuments  to  work  with.;  but  fufh-^  they  m^fi%ivent  'firf\  if'-ctftif' 
nor  any   methods  of  workhtg  :   with   all  thefefdrf advantage's, ' 'i^t' 
7nay  judge  what  fort  of 'work  they,  were  likely   to  make.     All  the.tr'' 
contrivances  mujt  be  mere  gu effing,  and  tl:>i)  .cduid':Mt  fltticuTit'^'' 
what  they  hadfo  badly  contrived  \' and  muji  be.  conihuvdly  mendjh^ 
their  work  by  repeated  trials,  till  they  got  it  to  fiith  a  forra  as  to' 
make  afhift  to  ferve  for  the  ufe  defigned.     And  this  is  tht  firfi'and' 
loweft  flat e  of  mechanics,  which  zvas  enough  to  give  a  begifiitiiiV' 
to  it ;  and  in  this  fiate  it  doubt lefs  remained  for   a  long  tiinc,'' 
without  much  improvement.     But  at  length  as  men  found 'in^rg' 
leifure  and  opportunity,  and  gained  more  experience,  manual  arty 
began  to  take  their  rife,  and  by  degrees  to  make  fcfne  progrefs  in  the' 
ivorld. 

But  we  meet  with  no  confiderable  inventions  in  the  yncchanical 
way,  for  a  long  f cries  of  ages  -,  or  if  there  had  been  any,  th'^\ ac- 
counts of  them  are  now  lofi,  through  the  length  of  time  \  for' we 
have  nothing  upon  record  for  two  or  three  thoufdndyears  forward. 
But  afterwards  we  find  an  account  of  fcveral  machines  that  were  itt 
ufe.  For  we  read  in  Genefis  that fhips  were  as  eld,  eviu  on  thi 
Mediterranean,  as  the  days  of  Jacob  IFelikewifc  read  that  fhi  . 
Philiftines  brought  30  thoufand  chariots  into  the  field  agaififi 
Saul ;  fo  that  chariots  were  in  ufe  lo'jo years 'before  Chu^.'  '  Ana 
about  the  fame  time  archite^ure  was  brought  into  Europe.     And 
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Jo;iOyf(irs  before  Chr'd\,  Ammon  biiili  long  and  tall  JJjips  v.'ith 
Jails  J  en  the  Red  Sea  ami  the  Mediterranean.     And  about  ^o  years 
after  ^  the  fhip  Argo  ivas  built  •,  ivhich  was  the  fir fi  Greek  veffel 
that  '■ventured  to  fafs   through   the  fea,  by  help  cf  fails,  zvithoui 
ftght  of  land,  beir.g  guided  Only  by  thenars.     Daedalus  ^//27,  ijoho 
lived  ^^o  years  before  Chrill,  made  fails  for  fjjips,  and  invented 
J  ever  a!  forts  of  tools,  for  carpenters  and  joiners  to  zvork  with.    He 
alfo  made  feveral   moving  Jlatues,   vuhich  could   walk  or  run  of 
thcmf elves.     And    about    800  years  before    Chrift,    we  find  in- 
2  Chron.  xv.  that  Uzziah  made  in  Jerufalem,  engines  invented 
by  cunr.ing  men,  to  be  en  the  towers  and  upon  the  bulwarks,  tojhcot. 
arrows  and  great  fioncs  withal.     Corn  mills  were  early  invented;: 
for  we  read  in  Deuteronomy,  that  it  was  not  lawful  for  any 
man  to  take  the  nether  or  the  upper  mi II fl one  to  pledge  ;  yet  water 
%i-as  not  applied  to  mills  before  the  year  of  Chriit  600,  nor  wind 
mills   ufcd  before  the  year   12CO.     Likewife    580   years    before 
Chrift,  we  read  in  Jtremiah  xviii.  of  the  potter's  wheel.     Ar- 
chiras  was  the  firjl   ttat  applied  mathematics   to   mechanics,  but. 
left  no  mechanical  writings  behind  him  :   he  made  a  wooden  pigeon: 
that  could  fly  about.     Archimedes,  who  lived  about    200  years 
before  Chrift,  was  a  moft  fubtle  geometer  ar.d  mechanic.     He  made 
engines  that  drew  up  the  fljips  of  Marcellus  at  the  Jiege  of  Syra-. 
cufe  ;  and  others  that  would  cafi  a  ft  one  of  a  prodigious  weight- 
to  a  great  defiance,  or  elfe  fever al  lefjer  fiones,  as  alfo  darts  and. 
arrows  ;    but  there   have  been  many  fabulous  reports  concerning 
thefe  engines.     He  alfo  made  a  fphere  which  floowed  the  motions  of 
the  fun,  moon,  and  planets.     And  Pofidonius   afterwards  made 
another  which  fhewed  the  fame  thing.     In  thefe  days  the   liberal 
arts  fiourifloed,  and  learning  met  with  proper  encouragement  ;  but. 
(if tei  wards  they  became  negle£fed  for  a  long  time.     Ariftotle,  who. 
lived  about  1^0  years  before  Chrift,  w^jj  one  of  the  firfl  that  writ 
any  methodical  difourfe  of  mechanics.     But  at  this  time  the  art\ 
was  contained  in  a  very  little  compafs,  there  being  fear ce  any  thing 
more  known  about  it,  than  the  6  mechanical  powers.     In  this  Jiate 
it  continued  till  the   16 th  century,  and  then   clock  work  w.as  in-- 
vtnted,  and  about  1650  were  the  firjl  clocks  made.     At  this  time, 
feveral  of  the  moft  eminent  mathematicians   began  to    confider  me- 
dames.     And  by  their  fludy  andindufiry  have  prodigioujly  enlarged 
its  hour.ds,  and  made  it  a  moft  comprehenfive  fcience.     ^It  extends, 
through  heaven  and  earth,  the  whole  univerfe,  and  every  part  of 
it  is  Its  fubjed.     Not  one  panicle  of  matter  but  what  comes  under. 
itj  laws.     lor  what  elfe  is  there  in  thevifible  world,  but  maiter 
and  motion  •,  and  the  properties  arj  apmons  of  both  thefe,  are  the 
fubje^  cf  mechanics. 
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'To  the  art  of  mechanics  is  cwing  all  forts  of  infltuments  to 
work  with,  all  engines  of  ii-ar,  fhips,  bridgesy  mills^  curious  noofs 
and  arches,  Jiately  theatres,  columfis^  pendent  galleries,  and  all 
other  grand  works  in  building.  Alfo  clocks^  watches^  jacks^  cha- 
riots^ carts  and  carriages,  and  even  the  wheel  barrow.  Archi- 
teSiurCi  navigation^  hujhandry^  and  military  affairs^  owe  their  in- 
iienticn  and  ufe  to  this  art.  And  whatever  hath  artificial  motion 
hy  air.,  water^  windy  or  cords ;  as  all  manner  of  mufical  inflru- 
ments,  water-works,  Kjfc.  This  is  a  fcience  of  fuch  ifnportance^ 
that  without  it  we  could  hardly  eat  our  bread,  cr  lie  dry  in  cur 
beds. 

By  mechanics  we  conie  to  underfiand  the  motions  of  the  parts  of 
an  anifnal  body  ;  the  ufe  of  the  nerves.,  mufcl:s,  bones,  joints,  and 
vejfels.  AH  which  have  been  made  fo  plain,  as  proves  an  animal 
body  to  be  nothing  but  a  mechanical  engine.  But  this  part  of  me- 
chanics, called  anatomy,  is  a  fubjcct  of  itfelf.  Upon  tnechanics  are 
alfo  founded  the  motions  of  all  the  celejiial  bodies,  their  periods, 
times,  and  revolutions.  Without  mechanics,  a  general  cannot  go  to 
war,  nor  befiege  a  t'.wn,  cr  fortify  a  place.  And  the  meanejl  ar- 
tificer mtfi  work  mechanically,  or  not  work  at  all.  So  that  all 
perfcns  whatever  are  indebted  to  this  art,  from  the  king  down  to 
the  ccbler. 

Upon  mechanics  is  alfo  founded  the  Newtonian,,  or  only  true  phi- 
lofcphy  in  the  world.     For  all  the  difficidty  of  fhilofophy  confifts  in 
this ',  from  fome  of  the  princi/al  phenomena  of  motions  to  i?2vefii- 
gate  the  forces  of  nature.     And  then  from  thefe  forces  to  demon- 
fir  ate  the  oiher  ph^  ^omena  •,  all  which  is  to  be  done  upon  mecha- 
nical principles.     Thus  from  the  difiances   and  revolutions  of  the 
heavenly  bodies,  the  fox  es  of  gravity  are  derived  ;  and  from  thefe 
forces  th".s  known,  are  deduced  the  motions  of  the  planets,  comets, 
the  moon,  and  the  fa  \  as  well  as  the  motions  of  bodies  upon^  the 
furface  of  the  earth.     Thefe  relate  to  the  vfthle  bodies  of  the  uni- 
verfe.     But  there  are    alfo  certain  forces  belonging  to.  the  fmali 
particles  of  matte: ,  which  we  are  fiill  ignorant  of  \  by  which  they 
are  either  impelled  towards  one  another,  and  cohere  in  regular  fi- 
gure^-, or  are  repelled,  and  jo  recede  from  each  other.    For  the  par- 
ticles  of  different  fcrts  oj  bodies  have  different  laws  ;   fince  the 
f mall  particles  of  fome  bodies  cttra£l  one  aiwther,  zvhilfi  thofe  of 
other  forts  repel  each  other ;  and  that  by  forces   almcft  infinitely 
various.     Upon   thefe  forces  the  coheftcn,  folidity,  and  fiuidity  of 
bodies  depend.     The  nature  of  elafiicity,  elebtricity,  and  magnetijm. 
Upon  thefe  alfo  depend  the  principles  of  fermentation.,  putrefaPAon, 
generation,  vegetation,  and  dijjoiution  of  bodies;  digcftion  and fe- 
cretion  in  animal  bodies  \  the  motion  of  the  blood  and  fluids  in  ani- 
mals. 
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malSi  and  the  moving  of  the  r,:  mbers  by  the  ccmma  S  of  ih  vnlt  j 
the  e^cithigjcnfjti  Jis  in  tie  mind,  .f.e  en^.JJ'' n,  refd.cn    rejrac- , 
t ion,' and  inf.e^ion   cf  light -,  freezing  by  cold    buniing    'y  Jirey 
all  Optra t ions  in  chemijlry^  (s'c.     If  thtfe  forces  could  be  fowid  out, 
it  ivoulit  open  to  us  a  nnv  fold  in  the  fcience  of  m  hn^iics.     But 
for  want  of  proper   experiments,  't be fe  forces  aTno-<!:^  iU  invifible 
and  tinpencplille  particles  of  matter,  ere  utterly'p.nhno'j.-n^  and  ex* 
c'eeding  difjlcult  tc  be  difcovered,  and  therefore  r^dke  r.o  pan  ./  the' 
enjuitig  Trectife.     Nor  Jhall  I  meddle  ivith  aiirommy,  as  bewg  a 
f.ibjfB  of  itfelf':  norii'ith  exptrimcntal  philojophy,  any  further  than 
Kcnccrns  mechanics, 

Jnd  al: hough  architeHure  has  a  grcnt  dependance  upon  mechanics  ; 
yet  there  are  a  great  many  precarious  rules  in  t]:is  art,  invented 
purely  for  ornament,  and  the  fake  of  beauty ;  '■jjhich  have  nothing 
to  do  with  mechanics.  And  therefore  mechanical  beauty  {that  is, 
flrcngth  in  due  proportion)  is  all  that  I  have  any  bufinefs  to  meddle 
with  bee. 

It  has  been  igncrantly  cbjcded  by  fome,  that  the  Newtonian 
philofophy,  like  all  others  before  it,  will  gr^w  old  and  out  of  date, 
and  be  face  ceded  by  feme  new  fyftem,  which  will  then  be  as  much 
fried  up  as  this  is  now.  But  this  objection  is  very  fa^fly  made. 
For  never  a  philofopher  before  Newton  ever  took  the  method  thai 
be  did.  For  whiJfl  their  fyflems  are  ncthing  but  hypotbejes,  con- 
ceits, fitlions,  conje^ures,  and  romojices,  invented  at  pleafure,  and 
without  any  foundation  in  the  nature  of  things.  He  on  the  contrary, 
and  by  bimfelf  alone,  fet  out  upon  a  quite  different  footing.  For 
be  admits  nothing  but  what  he  gains  from  experiments,  and  accurate 
obfervations.  And  from  this  foundation,  whatever  is  further  ad' 
vanced,  is  deduced  by  ftrick  mathematical  reafoning.  And  where 
this  thread  does  not  carry  him,  he  ftopi,  and  proceeds  no  further  ', 
net  pretending  to  be  wife  above  what  is  written  in  nature.  Being 
rather  content  with  a  little  true  knowledge,  than,  by  ajfuming  to 
know  every  thing,  run  the  hazard  of  error.  Contrary  to  all  this, 
tbefe  fcheming  philofopher s,  being  men  of  Jlrong  imaginations  and 
weak  judgments,  will  run  on  ad  ivfinilwm,  and  build  one  fi£lion 
upon  another,  till  their  Babel  thus  erected,  proves  to  be  nothing 
hut  a  heap  of  endlefs  confufion  and  contradiSlion.  And  then  it  is 
no  wonder,  if  the  whole  airy  fabric  tumbles  down,  and  finks  into 
ruin.  And  yet  it  fecms.,  fucb  rcmantic  fyflems  of  philofophy,  wilt 
pleafe  fome  people  as  well  as  the  Jlri^eft  truth,  or  mojt  regular 
fyjlem.  As  if  philofophy,  like  religion,  was  to  depend  on  the 
faJJjion  of  the  country,  or  on  the  fancies  and  caprice  of  weak  people. 
But  furely  this  is  nothing  but  rambling  in  the  dark,  and  faying  that 
the  nature  of  things  depe?ids  upon  no  Jleady  principles  at  all.     But 
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in  truth,  the  luftnefs  of  true  philofophy  is  to  derive  the  nature  of 
things  from  caujes  truly  exifie^-J ;  and  to  enquire  after  thofe  laws  on 
which  the  Cr:ator  choofed  to  found  the  ivorld\  not  thofe  by  ijohiih 
he  might  have  done  the  fame,  had  he  fo  pleafed.  It  is  reafonahk  lo 
fuppofe  that  from  fevaal  caufes,  forat thing  differi}ig  frotn  each  other ^ 
the  fame  cffeui  may  arife.  But  the  true  caiife  "juiU  always  be  that 
from  which  it  tridy  and  a^ually  does  arife  -,  the  others  have  no  place 
in  true  philofophy.  And  this  can  b£  known  no  way,  hut  by  ohferva- 
tions  and  experiment s.  Hence  it  evidently  follows,  that  the  Newto- 
nian philofophy,  being  thus  built  upon  this  folid  foundation^  mufi 
flandjirm  and  unfhaken  ;  and  being  one.:;  pnved  to  be  true,  it  nmfi 
eternally  remain  true,  until  the  utter  fubverfion  of  all  the  laws  of 
nature  It  is  therefore  a  mere  joke  to  talk  of  a  new  philofophy .  The 
foundation  is  now  firmly  laid:  the  Newtonian  philofophy  may  indeed 
be  improved,  a7id  further  advanced  \  but  it  can  never  be  overthrown  : 
notwithfianding  the  efforts  of  all  the  Bcrnouilli'j,  the  LeibnitzV, 
the  GfcenV,  tht  Berkley'^,  the  Hutchinfon'j,  ^c.  And  even  the 
French  themfelves  have  at  lafi  adopted  it,  and  given  up  the  Carte- 
lian  fcheme. 

Pra^iical  mechanics  might  be  very  much  improved,  if  the  fecrets 
of  all  trades  were  to  lie  open  \  and  the  fiver al  niachi?ies  ufied  in 
each  trade,  duly  explained.  And  experimental  philofophy  would  be 
thereby  much  improved,  as  well  as  the  trades  the  :felves.  And  one 
trade  might  borrow  many  great  helps  in  working,  from  afiother 
trade.  It  is  not  my  defign  to  treat  at  all  on  the  lowefi  part  of  me- 
chanics, which  concerns  manual  arts  or  working  by  hand.  For  there 
is  no  theory  required  here,  hut  only  a  habit  of  working,  to  be  ac~ 
quired  by  frequent  practice. 

I  have,  in  the  following  book,  confined  myfielf  entirely  to  the  ma- 
thematical part,  and  what  depends  on  it,  and  is  deduced  from  it. 
And  therefore  I  have  ftrji  of  all  laid  down  and  deinonflrated  the  ge- 
neral laws  of  motion,  as  a  foundation  for  all  the  refi.  Then  follows 
the  laws  of  gravity,  the  defcmi  of  bodies,  and  motion  of  projectiles 
in  free  fpace  -,  the  mechanical  powers ;  the  defcent  of  bodies  upon  in- 
climd  planes,  the  vibration  of  pt-ndulums  -,  center  of  gravity,  and 
others-,  the  preffurc,firength,  andf^rcfs,  of  beams  of  timber  ;  then  you 
have  the  principles  of  hydrofiatics,  hydraulics,  and  pneumatics  ;  the 
refill ance  of  fluids ;  the  powers  of  engines,  and  the  defitription  of 
machines.  In  each  of  thcfe,  I  have  delivered  ell  the  fundamental 
principles  both  in  theory  and  praulice.  And  to  'make  it  more  univer- 
fally  ufeful,  I  have  demcnflrated  every  thing  geometrically,  oratmofi, 
by  the  help  only  of  the  Lwejt  and  eafieft  rules  of  algebra,  for  the  fake 
of  brevity  ;  avoiding  all  operations  by  fluxions  :  fo  that  the  reader 
need  not  be  feared  with  the  thoughts  of  any  difficulty  of  that  kind. 
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Coy.Ctrning  the  machines,  J  have  green  an  account  of  their  puc- 
turcy  as  far  as  is  neceffary  to  explain  their  motions  and  effe5ls ;  omit- 
ting tie  licfcription  cf  ibcir  winutcr parts,  not  fo  ncccjjary  hr  this  end, 
and  ivhich  are  eafily  underjhcd  cf  ther.ifehcs.  I  hcfi  the  reader 
ti>t!i  pardon  my  infrting  an:o!g  the  reft,  fome  machines  that  may 
Jecm  trifling,  put  in  here  and  there  to  fill  up  "vacant  places  in  the 
fckcm  s.  Tet  even  in  thefe,  there  is  fomeihmg  curious  in  their 
jlrutlure  cr  motion,  that  may  he  worth  ohferving.  I  might  have 
giv.n  the  cuts  of  many  mere  machines ;  hut  perhaps  what  I  have 
already  done,  may  he  thught  too  much,  in  Juch  a  nation  as  this, 
lihere  natural  knowledge  wants  due  encouragement,  and  where  no 
Mxccnas  appears  to  patronize  and  protetl  it ;  and  where  arts 
and fciences  hang,  as  it  were,  in  fuf fence,  whether  they  floall fi and 
or  fall  i  and  where  public  fpirit  and  Englifli  gcnerofuy  are  jufi  ex- 
piring. This  decline  of  arts  a^.d  fciences,  is  wholly,  or  in  a  great 
rth-ajure  owing  to  the  ambition,  and  m^fi  extreme  avarice  of  the  pre- 
fcnt  age.  IVhere  men,  not  being  able  to  lift  their  eyes  above  this 
earth,  think  nothing  worth  their  care,  but  raking  together  the  drofs 
it  affords  ;  flrlving.  like  the  toad,  who  fhall  die  with  the  mofl  earth 
in  his  pans.  The  duller  part  of  mankind  are  entirely  engaged  in  the 
purfuit  of  filthy  lucre  ;  and  thi  brighter  fort  are  wholly  devoted  to 
low,  trifling,  and  often  barbarous  diverfions.  In  fuch  momentous 
concerns  as  thefe,  it  is  no  wonder  if  arts  and  Jciences  flag  ;  and 
natural  knowledge  meet  with  nothing  but  contempt  ;  and  Minerva 
give  place  to  Plucus.  And  indeed,  if  the  general  temper  and  difpofi- 
ti.n  of  men  had  been  the  fame  in  all  ages,  as  it  is  in  this  ;  I  am  in 
doubt  whether  we  had  ever  had  any  fuch  thing  as  a  mill  to  grind  us 
corn  for  bread,  or  a  pump  to  draw  us  water.  It  is  a  trifling  excufe 
for  men  of  exalted  flaticn,  to  urge,  that  they  are  unacquainted  with 
juch  arts  or  fciences.  lor  learning  has  always  been  efteemed  to  be 
under  the  peculiar  care  and  fuperintendercy  of  the  great ;  who  ought 
to  protcB  and  encourage  both  that,  and  the  profeffors  of  it  ;  or  elfe 
arts  and  fciences  can  never  fiourifh.  And  as  the  encouragement  of 
thefe  ivtdcn'.ly  tends  to  the  benefit  of  mankind,  and  the  promoting  of 
the  public  Pood  ;  nothing  can  excufe  fo  gr  of s  a  negle^,  or  fuch  a  ma- 
nifeft  difregard,  as  they  /hew,  for  the  happinefs  of  their  fellow  crea- 
turcs.  The  induflrious  fiudents  only  have  the  fatigue]  whilfl  all  the 
world  reap  the  advantage  of  their  labours  : 

/^  Scire  volunt  omnes,  mercsedem  folvere  nemo.        Juven. 

It  is  reported  of  Alexander  that  he  allowed  800  talents  a  year 
to  Ariftotle,  to  defray  the  expences  of  procuring  all  forts  of  living 
creatures ;  fo  that  by  his  own  particular  oiperience^  bs  wight  be 

enabled 
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enahkd  i$:iBritf.of..the  nature  cntd  propenies  cf  ihem.  And  ibi 
recjon  why  tr^  zvorld  hath  nozv  fo  few  Ariilotlcs,  Is  b.'Cdnfe  tktri' 
are  no  Alexanders. 

Bat  as  to  the  fate  of  this  hook,  it  is  indifferent  to  ine  ivhat  re- 
ception it  fhall  7met  with  in  the  world.  Not  thai  I  am  in  the  leall 
dtffident  cf  the  principles  here  delivered  \  for  I  kno'ii)  they  will  jl and 
the  ftri£teji  examination.  Ncr  lumtld  I  be  thought  -careUfs  con- 
cerning the  advantage,  'which  viy  few  readers  may  receive  frcni  it  : 
for  on  the  contrary f  1  have  done  all  J.  could  to  ir.ftru^t  them,  and 
lead  them  regularly  through  this  noble  and  ufeful  fcience.  But  in  a 
mercenary  age,  where  there  is  fo  little  encouragement  for  works  of 
this  nature,  J  am  under  no  concern  what  judgment  may  be  pcjfed 
upon  it  by  the  ignorant  midtitude.  2'tt  Ifincerely  wifh,  that  my 
more  ingenious  readers  may  find  what  they  expcoi  here  •,  and  am  in 
hopes,  that  they  will  meet  with  no  difficulties,  but  what  they  will 
eafdy  furmount.  To  effect  w.hich,  I  have  made  every  thing  in  this 
book  as  fidl  and  clear  as  my  own  abilities,  and  the  nature  of  the 
thing  would  permit  me. 

W.   EMERSON. 


P.  S.  The  kind  reception  the  former  editions  of  this  hook  has  met 
with  from  the  publick,  has  induoed  me  to  revife  and  correct  it  ; 
and  to  make  fuch  further  additions  thereto,  as  I  thcught  neceffary 
for  completing  fo  ufeful  a  fcience.  Accordingly  I  have  made  fuch 
alterations  and  improvements  in  this  third  edition^  as  to  me  fenied 
ahfolutely  neceffary  for  the  benefit  of  my  readers. 

I  cannot  find  that  I  have  omitted  any  thing  material  in  this 
Treatife  pertinent  to  'my  fubje£i.  And  as  my  proffjed  defgn  was 
to  write  a  book  of  Principles,  no  body  of  common  fenfe  would  ex- 
pect that  I  fidould  go  contrary  to  that  defign,  and  jiuff  my  book 
with  calculations  of  difficult  problems,  fit  only  for  bocks  of  Algebra 
and  Fluxions  \  and  not  at  all  proper  for  an  elementary  Treanfe.  • 
If  I  had  done  this,  I  had  not  only  defer  ted  my  fubje5l,  and  all  good 
method ;  but  alfo  impofed  upon  my  readers,  by  fwelling  tl  e  book, 
and  making  them  pay  dear  for  fuperfluities  ;  and  that  to  pleafe  a 
Jew  trifling  critics,  who  know  7io  better.  Thefe  fort  cf  amm.ds  live 
by  detraElion,  and  are  always  fnarling  at  what  they  dorit  undsr- 
fiand,  and  cannot  mend. 

If  any  fuch  fet  of  critics,  ajfumng  the  privilege  of  being  dic- 
tators/<?  the  public,  and  cenfors  of  other  meti's  wriungh,  pDould 
ftart  up,  and  cry  down  my  book,  becaufe  not  written  after  their 
crude  notions,  I  would  not  have  my  readers  be  at  all  furprizu  at 

a  this : 
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this  :  for  it  would  he  more  fiirprizitig  if  any  thing  of  value  fhotdd 
efcapcj  ivitbcut  being  degraded  tind  condemned  by  ihem,  And  for 
my  ozvn  par/,  the  only  concent  it  will  give  jne.,  will  be  to  defpife 
their  dull  criticifmsy  and  laugh  at  their  ignorance. 

Men'  move-It  cimex  Pantilius  ?  aut  cruder,  quod 
VcUicit  abfcntem  Demetrius?  aut <ju6d  ineptus 
Fannus  Hermogenis  loedat  Conviva  Tigelli  ? 
riotius,  &  Varius,  Maecenas,  Virgiliufque, 
VaJgius, prober  hxc  ^  .■ 

HOR. 


W.  E. 


THE 


THE 

CONTENT     S. 

r\EFINITIONS.  Page  i. 

Pojiulata,  ^ 

Axioms.                                      '  ibid. 

SECT.    I.     'The  general  laws  of  motion.  5 

SECT.    II.     ^he  laws  of  gravity^  the  defcent  of  heavy  ho~ 

dies,  and  the  motion  of  proj exiles,  in  free  f pace,  21 

SECT.  III.  The  properties  of  the  mechanical  powers  ; 
the  balance,  the  leaver,  the  wheels  the  pulley,  the  fcrew^ 
and  the  wedge.  20 

SECT.   IV.     The  defcent  of  bodices  upon  inclined  planes, 

and  in  curve  furfaces  5  and  the  motion- of  pendulums,  45 

SECT.    V.     The  center  of  gravity  and  its  properties.  ^^ 

SECT.    VI.     The  centers  of  percujfton,  ofcillation,  and 

gyration.  ^^ 

SECT.  VII.  The  quantity,  and  direction,  of  the  prejfure 
of  beams  of  timber,  by  their  weights  j  and  the  forces 
necefjary  to  juftain  them.  87 

SE  CT.  VIII.  The  Jirength  of  beams  of  timber  in  all 
pofttions  J  and  their  jirefs  by  any  weights  ailing  upon 
them,  or  by  any  forces  applied  to  them.  02 

S  E  C  T.    IX.     The  properties  of  fluids  ;  the  principles  of 

hydroJi,atics,  hydraulics,  and  pneumatics.  ny 

SECT.  X.  The  rejiftance  of  fluids,  their  forces  and  ac- 
tion upon  bodies  ;  ihe  motion  of  jhips,  and  pofition  of 
their  jails.  1^4 

SECT. 


The     contents. 

SECT.    XI.     MetlCiis  of  communicating^  din^ing^  a):d 

rc^uiatir^  any  fnclisn,  in  the  p'fMice  of  mechanics,     P.  i6i, 

SECT.  XII.  The  poivers  and  prcpertics  of  compound  en- 
gines i  offerees  a^in^  wiihin  the  machine  \  and  concern' 
ingfri^ion,  i68 

SECT.  XITI.  The  def crip t ion  of  compound  machines  or 
engines^  ad  the  method  of  computing  their  powers  or 
forces  i  with  fome  account  of  the  advantages  or  difad- 
vantages  of  their  conflru^ion.  I  g  c 

Explanation  of  terms.  275 

Lift  of  machities  defer i bed  in  this  deck,  285 


Explanation  of  the   Characters. 

cc  as,  or  in  a  given  proportion  to. 
Perp.  perpendicular. 
Rad.  radius. 
S.  the  fine. 
Cof.  the  cofine. 
Tan.  the  tangent. 
Cotan.  the  cotangent. 
Sec.  the  I'ecant, 


MECHANICS. 


(  «  ) 


MECHANIC 


DEFINITION  S, 

' ECHJNICS  is  a  fcience,  which  teaches  the  pro- 
portion of  the  forces,  motions,  velocities,  and  in 
general  the  adions  of  bodies  upon  one  another. 

2.  Body  is  the  mafs  or  quantity  of  matter.  If  a  body  yields  to 
a  ftroke  and  recovers  its  former  figure  again,  it  is  called  an  elaf- 
4ic  body  :  If  not,  it  is  inelajlic. 

3.  Denfity  of  a  body  is  the  proportion,  of  the  quantity  of 
matter  contained  in  it,  to  the  quantity  of  matter  in  another  body 
of  the  fame  bignefs.  Thus  the  denfity  is  faid  to  be  double  or 
triple,  when  the  quantity  of  matter  contained  in  the  fame  fpace 
is  double  or  triple. 

4.  Force  is  a  power  exerted  on  a  body  to  move  it.  If  it  a6fc 
but  for  a  moment  it  is  called  the  force  of  percuffion  or  impulfe^ 
If  it  ad:  conftantly,  it  is  called  an  accelerative  force  :  If  conftantly 
and  equally,  it  is  called  a  uniform  accelerative  force. 

5.  Velocity  is  an  affedion  of  motion,  by  which  a  body  pafTes 
over  a  certain  fpace  in  a  given  time.  The  velocity  is  faid  to  be 
greater  or  lefs,  according  as  the  body  paffes  over  a  greater  or 
lefs  fpace  in  the  fame  time. 

6.  Motion  is  a  continual  and  fucccflive  change  of  place.  I£ 
a  body  moves  through  equal  fpaces  in  equal  times,  it  is  called 
equable  motion.  If  its  velocity  continually  increafes,  it  is  called 
accelerated  motion  j  if  it  decreafes,  it  is  retarded  motion.  If  it  in- 
creafes or  decreafes  uniformly,  it  is  equably  accelerated  or  rg- 
tarded.  Likewife  if  its  motion  be  confidered  in  regard  to  feme 
other  body  at  reil,  it  is  called  abfolute  motion.  But  if  its  motion 
be  confidered  with  refped  to  other  bodies  alfo  in  motion,  then  it 
is  relative  motion. 

7.  BireBion  of  motion  is  the  way  the  body  tends,  or  the  right 
line  it  move*  in. 

B  8.  ^au- 


DEFINITIONS. 

8.  (Quantity  of  motion^  is  the  motion  a  body  has,  both  in  re- 
gard tiTlts  velocity,  and  quantity  of  matter.  This  is  called  the 
mcmenttim  of  a  body,  by  lome  mt-chanical  writers. 

9.  r/j  in^rfLc,  is  that  innate  force  of  matter  by  which  it  refifts 
any  change,  and  endeavours  to  prcferve  its  prelent  ilate  ot  mo- 
tion or  rclh 

10.  Gravity  is  that  force  wherewith  a  body  endeavours  to  de- 
fcend  towards  the  center  of  the  earth.  1  his  is  called  abfolute 
g'Civity^  when  the  I'ody  tends  downwards  in  i(ee  fpace  :  and  re- 
lative graz'ily  is  the  force  it  endeavours  to  delcend  with  in  a 
fluid. 

11.  .^/tv/^f  ^nz^v/)- of  bodies,  is  the  greater  or  lefs  weight  of 
bodies  of  the  lame  magnitude;  or  the  proportion  between  ihefe 
\veiL'hts.  The  Ipecific  gravity  is  faid  to  be  double  or  triple, 
vhen  tlie  weight  of  the  fame  bulk  of  matter  is  double  or  tn})te. 

13.  Ct»ter  of  gravity  of  ^  body  is  a  certain  point  in  it,  upon 
which  the  body  being  treely  fufpended,  it  would  reft  in  any 
pofition. 

1^.  Center  cf  motion  of  a  body,  is  a  fixed  point  about  which 
the  body  is  moved.  And  the  axis  of  motion^  is  the  fixed  axis  it 
moves  about. 

14.  freight  and  pozvcr  when  oppofed  to  one  another,  fignify 
the  body  to  be  removed,  and  the  body  that  moves  it.  That 
body  which  communicates  tlie  motion  is  called  xht power -,  and 
that  which  receives  it,  the  iveigbt. 

15.  Equilibrium  is  when  two  or  more  forces  a6ting  againfl  one 
another,  none  of  them  overcome  the  others,  but  delkoy  one 
another's  effedls,  and  remain  at  reft. 

10.  J  fluid  IS  a  body  whofe  parts  yield  to  any  imprefled  force  ;■ 
and  by  yielding  are  eafily  moved  among  themfelves. 

17.  Hydrojiatics  is  a  fciervce  that  treats. of  the  properties  of 
fluids. 

18.  Hydraulics  is  the  art  of  raifing  or  conveying  water  by  the 
help  of  engines. 

19.  Pneumatics  is  a  fcience  that  treats  of  the  properties  of  the 
air. 

:o.  Machinf  is  any  mechanical  inftrument  contrived  to  move 
bodies,  or  to  perforni  lome  particular  motions.  The  mechanical 
powers  are  fimpie  machines. 

21.  Engine  is  a  mechanic  inftrument  compofcH  cf  levers, 
wheels,  puUic  .  fcrews,  i^c.  in  order  to  move,  lift,  or  fuftain 
fome  grear  wfioht,  or  perform  fome  great  cffecft.  This  is  the 
largeft  and  moft  compounded  fort  of  machines. 

22.  Me- 
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2  2.  Mechanic  powers^  are  the  ballance,  the  lever,  the  wheel, 
the  pulley,  the  fcrew,  and  tht  wedge.  To  which  fome  add  the 
inclined  plane. 

23.  Sirefs  is  the  effeft  of  a  force  afling  againft  a  beam,  or 
any  thing  to  break  it,  or  the  violence  it  luffers  by  that  force. 
The  contrary  to  this  i^Jlrength,  which  is  the  refiftance  any  beam 
is  able  to  make  againft  a  force  endeavouring  to  break  it. 

24.  Friaionh  the  refiftance  arifing  from  the  parts  of  machines, 
or  of  any  bodies  rubbing  againft:  one  another. 

p  0  s  r  u  L  A  r  A. 

I.  rrn  H  A  T  a  fmall  part  of  the  furface  of  the  earth,  or  the 
J,     horizon,  may  be  looked  upon  as  a  plane.     Though  this 
is  not  ftriflly  true,  yet  it  differs  infenfibly  in  fo  fmall  a  fpaceas 
we  have  any  occafion  to  confider  ic. 

2.  Heavy  bodies  delcend  in  lines  parallel  to  one  another,  and 
perpendicular  to  the  horizon  :  And  they  always  tend  perpendi- 
cular to  the  horizon  by  their  weight.  For  this  is  true  as  to  lenfe, 
becaufe  the  lines  of  their  direfcion  meet  only  at  the  center  of 
the  earth,  taken  as  a  perfed  fphere. 

3.  The  weight  of  any  body  is  the  fame  in  all  places  at  or  near 
the  furface  of  the  earth.  For  the  diflxrence  is  infenfible  at  any 
heights  to  which  wejcan  afcend.  Though  in  ftridlnefs  tie  force  of 
gravity  decreafes  in  afcending,  from  the  earth's  furface,  in  the  re- 
ciprocal ratio  of  thefquares  of  the  heights  from  the  earth's  center. 

4.  We  are  to  fuppofe  all  planes  perfedly  even  and  regular, 
all  bodies  perfeflly  fmooth  and  homogeneous;  and  moving  with- 
out fri(51:ion  or  refiftance  i  lines  perfeJi:ly  ftreight,  and  inflexible, 
without  weight  or  thicknefs ;  cords  extremely  pliable ;  (^c.  For 
tho'  bodies  are  defective  in  all  thefe  i  and  the  parts  or  matter, 
whereof  engines  are  made,  fubjeft  to  many  impcrfedions ;  yet 
me  mufl:  fet  afide  all  thele  irregularities,  till  the  theory  is  efta- 
bliflaed  ;  and  afterwards  make  fuch  allowance  as  is  proper. 

AXIOMS, 

J'TT^VERY  body  preferves  in  its  prefent  fl:ate,  whether  of 
X2>  reft,  or  moving  uniformly  in  a  right  line ;  lili  it  is  com- 

pellco  to  change  that  ftate,  by  fome  t-xfernal  force. 

2.  1  he  alteration  of  motion,  or  the  motion  generated,  or  de- 

ftroytd  in  any  body,  is  proportional  to  the  f  jrce  applied  :    And 

is  made  in  the  diredion  of  that  right  line  in  which  the  force 

ads.  '  ^ 

B  2  3.  The 
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^.  Tht  ndion  nnd  re-at^tion  between  two  bodies  are  eqiraT, 
and  mcor^rary  dirt6ions.  . 

^.  The  monon  of  the  whole  body  is  made  up  of  the  lum  oP 
the  motions  of  all  the  parts.  " 

c,.  The  weights  ofnll  bodici'  in  the  fame  place,  arc  proportronar 
to  the  quantitTrs  cf  matter  they  contain  ;  without  any  regard  tO. 
their  bulk,  figure,  or  kind.  For  twice  the  matter  will  be 
twice  as  heavy,  and  thrice  the  matter  thrice  as   heavy  •,  and  fo 

on. 

6.  The  vis  inertia  of  all  bodies,  is  proportional  to  the  quan- 
tity of  matter. 

7.  Every  body  will  dcfcend  to   the  lowed  place  it  can  get 

to.  1  •    t.        r 

8.  Whatever  fuitains  a  heavy  body,  bears  all  the  weight  ct 

it.  . 

9.  Two  equal  forces  acting  againft  one  another  in  contrary  d'l- 

rcctions  deftroy  one  another's  effcds. 

10.  U  a  body  is  aded  on  with  two  forces' in  contrary  direc* 
tions ;  it  is  the  fame  thing  as  if  it  were  only  adted  on  with  the 
difference  of  thefe  forces,  in  direftion  of  the  greater. 

11.  If  a  boJy  is  kept  in  equilibrio  ;  the  contrary  forces,  in- 
any  one  line  of  diredion,  are  equal,  and  deftroy  one  another. 

12.  Whatever  quantity  of  motion  any  force  generates  in  a 
given  time ;  the  lame  quantity  of  motion  will  an  equal  force 
deftroy  in  the  fame  time-,  afting  in  a  contrary  diredion. 

13.  Any  aftive  force  will  Iboner  or  more  eaftly  overcome  a 
IclTer  refiftanre  than  a  greater. 

14.  If  a  weight  be  drawn,  or  puflied  by  any  power  -,  it  pufhes 
or  draws  all  points  of  the  line  of  diredion  equally.  And  it  is" 
the  fame  thing,  whatever  point  of  that  line  the  force  is  applied 
tu. 

15.  If  two  bodies  be  moving  the  fame  way  in  any  right 
line ;  their  relative  motion  will  be  the  fame,  as  if  one  body 
ftood  ftill,  and  the  other  approached,  or  receded  from  it  with 
the  difference  of  their  motions  :  or  with  the  fum  of  their  mo- 
tions, if  they  move  contrary  ways. 

16.  If  a  body  is  drawn  or  ur^^ed  by  a  rope,  the  direflion  of 
that  force  is  the  fame  as  the  diredlion  of  that  part  of  the  rope  next 
adjoining  to  the  body. 

J -7.  It  any  force  is  applied  to  mov^e  or  fuftain  a  body,  by 
means  of  a  rope-,  all  the  intermediate  parts  of  the  rope  are  equally 
diftended,  and  that  in  contrary  diredlions. 

18.  If  a  running  rope  go  freely  over  feveral  pullies.j  all  the 
parts  of  it  arc  equally  ftretched. 

19.  If 
1 
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19.  If  any  forces  be  applied  againft  one  end  of  a  free  lever 
or  beam  -,  the  other  end  will  thruft  or  ad  with  a  force,  in  di- 
redion  of  its  length. 

20.  The  parts  of  a  fluid  will  yield,  and  recede  towards  that 
part  where  it  is  leaft  preffed. 

21.  The  upper  part  pi  a  fluid  is  fufl:ained  by-  the  lower 
part.  \^^'*sui>'j-i  '.v.V- 
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77j^  ge?2eral  laws' of  MOTION. 


p  R  o  r.    I. 

The  quafitities  of  viatter  in  all  bodies  are  in  the  complicate  ratio  cf 
their  magnitudes  and  denfities. 

FOR  by  Def.  3.  if  the  magnitudes  be  equal,  the  matter  will 
be  as  the  denfities.  And  if  the  denfities  be  equal,  the  mat- 
ter will  be  as  the  magnitudes.  Therefore  the  matter  is  univer- 
fally  in  the  compound  ratio  of  both. 

Cor.  I.  The  quantities  of  matter  i7ifimilar  bodies^  are  as  the  den- 
fitics  and  cubes  of  their  like  dimenfwns,  in  a  fphcre.  The  magnitude 
is  as  the  cube  of  the  diameter. 

Cor.  2.  The  quantities  of  matter  are  as  the  magnitudes  and  fpecific 
gravities.  For  the  fpecific  gravities  are  as  the  denfities,  by  Ax.  5. 

P  R  O  P.      II. 

The  quantities  of  motion^  in  all  moving  bodies  whatever,   are  in  the 
complicate  ratio  of  the  quantities  of  matter  and  the  velocities. 

For  if  the  velocities  are  equal,  it  it  manifeft  (by  Ax.  4.)  that 
the  quantities  of  motion  will  be  as  the  quantities  of  matter. 
And  if  the  quantitjes  of  matter  are  equal,  the  motions  will  be 
as  the  velocities.  Therefore  univerfally,  the  quantities  of  mo- 
tion are  in  the  compound  ratio  of  the  velocities  and  quantities 
of  matter. 

Cor.  In  any  fort  cf  motion^  the  quantity  of  motion  is  as  thefum  of 
all  the  praduhs  of  every  particle  cf  matter  'multiplied  by  its  rcfpeBive 
tielocity. 

.4  For 
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For  the  quantity  of  motion  of  any  particle  is  as  that  particle 
multiplied  by  its  velocity:  And  as  each  particle  of  the  fame  body 
moves  with  equal  velocity,  the  motion  of  the  whole  will  be  the 
fum  of  the  motions  of  all  the  parts. 

PROP.      III. 

7/7  all  uniform  motions,  the  f pace  defcribed  is  in  the  complicate  ratio 
of  the  time  and  velocity. 

For  it  is  evident,  if  the  velocity  be  given,  the  fpace  defcribed 
by  any  body,  will  be  as  the  time  of  its  moving.  And  if  the 
time  be  given,  the  fpace  defcribed  will  be  greater  or  lefs,  accord- 
ing as  the  velocity  is  greater  or  lels  ;  that  is,  the  fpace  will  be  as 
the  velocity.  Therefore  if  neither  be  given,  the  fpace  will  be 
in  the  compound  ratio  of  both  the  time  and  velocity. 

Cor.  The  time  is  as  the  fpace  dire5ily  and  velocity  reciprocally, 

PROP.     IV. 

fhe  motion  generated  hy  any  momentary  force,  is  as  the  force  that 

generates  it. 
For  if  a  certain  quantity  of  force  generates  any  motion,  a 
double  quantity  of  force,  will  generate  double  the  motion  ;  and 
a  triple  torce,  triple  the  motion,  and  fo  on. 

Cor.  'J'he  fpace  defcribed  is  as  the  force  and  time  direEiJy,  and 
quantity  of  matter  reciprocally. 

For  by  this  Prop,  the  force  is  as  the  motion,  that  is  (by  Prop* 
11.)  as  the  matter  and  velocity  ;  therefore  the  velocity  is  as  the 
force  direftly  and  matter  reciprocally..  Alio  (by  i"rop.  III.)  the 
fpace  is  as  the  time  and  velocity,  and  therefore  as  the  time  and 
torce  diredtly,  and  matti:r  reciprocally. 

SCHOLIUM. 

Let  b  =z  body  or  quantity  of  matter  to  be  moved. 
f  —  force  of  impulfe  a  Sling  on  the  body  b. 
m  =.  mpmentum  cr  qu'inti.y  cf  motion  generated  in  h, 
V  zz  velocity  generated  in  b. 
s  zz  fpo.ce  defcribed  by  the  body  b, 
t  —  time  of  defer  ibing  the  fpace  s  with  the  velocity  v. 

Thea 
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Then  by  the  three  lad  Props,  we  fliall  have  ;;;  a  hv^  s  oc  /v,  and 
/  oc  m.  By  the  help  ot  thcfe  three  general  proportions,  the  re- 
lation of  the  Ipaces,  times,  velocities,  ^c.  may  be  found,  upon 
all  fiippofitions.  And  thence  all  the  laws  and  proportions  be- 
longing to  unitorm  motion,  may  be  readily  and  iiniverfally  re- 
Iblved  :  l'"xpunging  fuch  as  are  not  concerned  in  the  queftion  5 
and  rejeifting  alF  thole  that  are  given  orconftanc ;  and  alfo  thole 
rhat  arc  in  both  terms  oi"  the  proportion.  Thus  we  fhall  get  J.i 
general, 


r                              7  ^^ 

f    cc    m    oz    bv  oc    — 

Jyi      CX    f     CC     bv  OC     — 

/ 

fm  tf 

s      <x  tv    CC     —  CC    ^ 

b  b 

m             s  f 

"^    CC  —    o:    —  oc    — 

b             t  b 

s             sb  sb 

i    OC  —    oc   —  ^   "7 

'V             m  J 

ni            f  mt 


a 


/^ 


CC  —    oc   -    a  —• 

V  s  s 


PROP.      V. 

In  any  motkn,  generated  by  a  iinifcrmly  accelerating  fcrce:  the  mO' 
ticn  generated  in  any  tinie^  is  in  the  complicate  ratio  of  the  force 
and  time. 

For  in  any  given  time,  the  motion  generated  will  be  propor- 
tional to  the  force  that  generates  it,  this  being  its  natural  and 
genuine  cffecl.  And  fince  in  all  the  feveral  parts  of  time,  the 
force  is  the  lame,  and  has  the  fame  efficacy ;  therefore  the  mo- 
tion generated  will  alfo  be  as  the  time  :  whence  univerfally,  the 
morion  generated  is  in  the  compound  ratio  of  both  the  force  and 
the  time  of  acting. 

Cor.  I.  1'1'u  Prof,  is  equally  true  in  refpe5l  to  the  motion  loji  ot 
iiejlrcyed  in  a  moving  bcdy^  by  a  force  aSling  in  a  contrary  dire^ion. 
By  Ax.  12. 


Cor. 
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Cor.  2 .  If  I  he  fp^ce  thrd*  which  a  body  is  moved  by  any  force.,  le 
divided  into  an  indefinite  number  offmall  equal  parts ;  and  if  in  each 
part^  the  accekrative  force  a£is  differently  upon  the  body^  according  to 
any  certain  law.  And  if  there  be  taken  the  produ^  of  the  accelerating 
force  in  each  part  multiplied  by  the  time  ofpoffmg  through  it.     Then 

Ifay. 

As  any  uniform  accekrative  force  X  by  the  time  of  a5ling  {FT)  : 

To  the  motion  generated  in  that  time  (M)  : : 

.S^  thefum  of  all  the  produSis  of  each  particular  force  and  time  ^ 

To  the  motion  generated  in  this  whole  time^  by  the  variable  force. 

For  (by  this  Frop.  j  the  time  of  defcribing  any  part  x  by  the 
force  :  motion  generated  in  that  time  ::  FxT:  M.  therefore  by 
compofition,  the  fum  of  all  the  produds,  to  the  whole  motion 
aenerated  ■.  is  alfo  as  FT,  to  M. 

Cor.  3.  The  velocity  generated  {or  def^royed)  in  any  time.,  is  as  the 
force  and  time  directly.,  and  the  (luanlity  of  matter  reciprocally. 

For  (by  Prop.  II.)  the  quantity  of  motion  is  as  the  matter  and 
velocity  •,  therefore  the  velocity  is  as  the  motion  diredlly  and 
the  matter  reciprocally,  that  is,  (by  this  Prop.)  as  the  force  and 
time  diredly,  and  the  matter  reciprocally. 

Cor.  4.  The  increafe  or  decreafe  cf  any  velocity,  generated  or  de- 
Jlroyed  in  any  time ;  is  as  the  force  and  time  dire5ily,  and  the  matter 
reciprocally. 

This  follows  from  Cor.  3.  becaufe  all  effefls  are  proportional 
to  their  caufes. 


PROP.     VI. 

In  any  motion  generated  by  a  uniform  acceleraiive  force  \  the  fpace 
defcribed  from  the  beginning  of  the  mctioHy  is  in  the  complicate 
ratio  of  the  laft  velocity,  and  the  time  wherein  it  is  generated. 

For  fuppofe  the  time  divided  into  an  infinite  number  of 
equal  parts,  each  of  which  call  i,  and  let  the  times  from  the 

beginning  be  o,  i,  2,  2,  4 to  t.    And  let  c  be  the  velocity 

generated  at  the  end  of  the  time  i  ;  then  by  Cor.  3.  of  the  laft 
Prop,  the  velocity  generated   in  the  fame  body,  by  the  fame 

force,  in  the  times  o,  i,  2,  3,4 /,will}be  refpedivelyo,^:,  zc, 

3f,  4^ ...  to  tc.     And  by  Prop  III.  the  fpaces  defcribed  in  each 
given  part  of  time,  will  be  as  the  time  (1),  and  the  velocity  i 

C  and 
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and  therefore  thcle  fpaccs  will  b(?  o,  f,  2f,  3<^  .  .  .  tc\  an^ 
the  fiim  or  all  thefc  is  the  whole  fpace  dclcribed  by  the 
body.  But  tl'.e  i'um  of-  the  arithmetic  progrtririon,  o,  <:,  2^,. 
3£',  4f  .   .   .   /t"    whrrc    the    nimiber  of  terms  is    very    great 

^       '  X^  or  — X/-   but  /t-  is   the  Kilt  velocity,  and  /  the  v/hole 

2  2 

time,  therefore  the  whole  fpace  is  as  {t:  x  /)  the  velocity  and 
lime  conjuncViy. 

Cor.  I .  Jf  a  body  mcves  uniformly  forward  irith  the  velocity  acquir- 
ed by  a  uniform  acctUr^itive  force ;  //  will  dcfcribe  twice  the  fpace  in 
the  fame  cr  an  equal  timcy  that  it  defcribed  by  the  acceler  alive  force. 

i-or  here  the  Ipaccs  dcicribed  in  the  Icveral  fmall  parts  of 
time,  will  be  tc^  tc^  to  .  .  Sec.  to  /  terms .  whole  lum  is  tc  X  ^- 
And  the  fum  of  the  former  Ipaccs,  defcribed  by  the  accelerating 

force,  was  —  X  /.  but  /c  X  /  is  to  -1  x  /,  as  z  to  i. 

2  2 

Cor.  2 .  Since  am  a5live  force  is  an  endeavour  of  putting  a  body 
into  motion  •,  therefore  the  adequate  and  immediate  effetl  of  an  acce* 
lerating  force  is  either  motion,  or  preffure,  or  both. 

S  C  H  O  L. 

Let  b  —  body  or  quantity  of  mailer. 

F  —  accelerative force  a^ing  uniformly  and  equally  on  the 

body  b. 
V  =  velocity  generated  in  b  ly  the  force  K 
m  rz  motion  generated  in  b. 
s  —  fpace  defcribed  by  b^ 
t  —  time  of  defcribing  the  fpace  s. 
Then  the  two  laft  propofitions  together  with  Prop.  II,  win 
refolve  all  queftions  relating  to  the  times,  forces,  velocities,  iSc, 
m  uniformly  accelerated  motions.     Thus  m  oc    hvy  m  «  F/,, 
and  s  a  tv.  whence  we  have  in  general. 


ta' 


b      CC      '—^  &C. 

V 

rn    a    bv    oc  Ft,  &c. 

^  Ft  y  Fs  tn 

,     a   /-.  a    ^   a  51, 


OS 


Sed,  I.  ofMOTION.  h 

s  bv  /bs  m  FIG 

«y  B  ^    F  P 

•n        bv    ^^    bs    ^    bvv         m      .-> 

t  tt  s  t 

Whence,  if  m^  b^  &c.  be  given  5   fuch  quantities  muft  be  left 
out. 

PRO  P.     VIT. 

If  any  force  aEl'ing  on  a  body  at  A  in  direSlion  AB,  caufe  the  body  to  i ; 
fajs  through  thefpace  AB  in  any  time;  and  another fimilar  force 
atling  in  direofion  AC,  would  move  it  through  thefpace  AC  in  the 
fame  time  :  I  fay,  by  both  forces  acting  together^  in  their  proper 
directions,  the  body  will,  in  the  fame  time,  be  moved  through  the 
fpace  AD,  the  diagonal  cf  the  parallelogram  ABDC. 

Case     I. 

Let  the  forces  at  A  caufe  the  body  to  move  uniformly  along 
the  lines  AB,  AC.  Then  fince  the  force  ading  in  diredion  AC 
parallel  to  BD,  by  Ax.  2,  will  not  alter  the  velocity  towards  the 
line  BD  ;  the  body  therefore  will  arrive  at  BD  in  the  fame  time, 
whether  the  force  in  direftion  AC  be  impreffed  or  not :  There- 
fore, at  the  end  of  the  time,  it  will  Ue  found  fomewhere  in  BD. 
By  the  fame  argument,  it  will  be  found  fomewhere  in  the  line 
CD  ;  therefore  it  will  be  found  in  D  the  point  of  interfedion  ; 
and  by  Ax.  i,  it  will  move  in  a  right  line  from  A  to  D. 

Otherwife, 

Suppofe  the  line  AC  to  move  parallel  to  itfelf  into  the  place 
BD,  whilil  A  moves  from  A  to  C.  Then  fmce  this'line  and  the 
body  are  both  equally  moved  towards  BD,  it  is  plain  the  body 
muft  be  always  in  the  moveable  line  AC.  Therefore  when  AC 
comes  to  the  pofirion  bg^  let  the  body  be  arrived  at  d  -,  then,  fince 
both  the  line  AC  moves  uniformly  along  AB,  and  the  body  A 
along  AC ;  therefore  it  will  be  as  Abibd  : :  AB  :  BD,  therefore 
AdD  is  a  right  line 

Case     II. 

Let  the  body  be  carried  through  AB,  AC  by  an  accelerative 
force.  Then  by  Prop.  VI.  the  fpace  defcribed  will  be  as  the 
time  and  velocity,  and  therefore  the  velocity  will  be  as  the  Ipace 

C  2  directly 
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J I  G.  direflly  and  time  reciprocally.  Alio  by  Cor.  3.  Prop.  V.  vyhen 
1,  the  force  and  the  body  is  given,  the  velocity  is  as  the  time. 
Whence  the  time  will  tu-  as  the  I'l-ace  diredly  and  time  recipro- 
cally, and  the  fpacc  as  the  Iquarc  ol  the  time.  That  is,  the  fame 
body  afled  on  by  the  fame  force  will  dcfcribe  fpaces  which  are 
as  the  fquares  ot  the  times.  Now  let  the  time  of  defcribing 
JB  or  AC  be  i  •,  and  let  the  line  AC  move  along  with  the  body,, 
always  parallel  to  itfelf,  and  in  the  time  /,  lee  it  arrive  at  bg,  and 
the  body  at  d,  moving  towards^.  I'hen,  from  what  has  been 
laid,  \i  '\s  2i%  I  :  it  ::  AB  :  Ab,  and  alio  zs  i  :  it  y,  bg  or  BDi 
I'd.  whence  AB  :  .I'Z'  ::  BD  :  ki.  therefore  AdD  is  a  right  line. 
And  if  you  fiippole  the  fpace  to  be  as  the  mh  power  of  the 
time,  it  will  ftill  be,  i  :  /'••  ::  AB  :  Al>  y.  BD:bd;  and  AdD  is 
ilill  a  right  line  for  any  fimilar  forces. 

Case     III. 

<J.  But  if  the  body//  be  carried  through^Z)  by  a  uniform  force,  in 

the  fame  tinie  that  it  would  be  carried  through  AAl  by  an  accc- 
lerative  force  -,  then  by  both  forces  a6ling  together,  it  will,-at  the 
end  of  that  time,  be  found  in  the  point  H,  of  the  parallelogram^ 
MADH  ',  but  then  the  line  it  defcribes  AGIii  will  not  be  a  righc 
line. 

■j:  Cor.  I.  'The forces,  in  the  direBions  AB,  AC,  AD,  ore  refpcc- 

iively  proportional  to  the  lines,  AB,   AC,  AD ;  and  in  thefe  direc- 
tions. 

For  by  Cor.  Prop.  IV.  the  tim^e  and  the  cjuantity  of  matter 
being  given  -,  the  force  is  direflly  as  the  fpace  defcribed.  And 
in  accelerated  motion,  the  fame  is  true,  by  Prop.  V.  Cor.  3.  and 
Prop.  VI. 

Cor.  2.  The  two  olJicim  forces  AB,  AC  is  eqidvalint  to  the  Jingle  :• 
direct  force  AD,  which  may  be  compounded  of  thefe  two,  by  drawl- 
ing the  diagonal  of  the  parallelogram  AD, 

Cor.^.  Any  fingle  dire5l  force  AD,  may  be  refohed  into  the  twa- 
oblique  forces  whofe  quantities  and  directions  are  AB,  AC,  having  thsr. 
fame  effeSl  j  by  defcriiing  any  parallelogram  whofe  diagonal  is  AD. 

Cor.  4.  A  body  being  agitated  by  two  forces  at  once,   will  pafs 

through  the  fame  point,  as  it  zvould  do  if  the  two  forces  were  to  a^ 

jtparately  and  face effivdy^     And  if  any  new  motion  be  imprefjtd  on 

^  a  body 
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a  body  already  in  motion,  is  does  not  alter  its  motion  in  lines  parallel  fig. 
to  its  former  dire5iion. 

Cor.  5.    If  two  forces  as  AB,  AC,  aSI  in  the  dire5lions  JB,  AC,      2. 
r-xfpeBively  ■,  draw  AR  to  the  middle  of  the  right  line  BC,  and  2  AH  ^ 

is  the  force  compounded  out  of  thefe,  and  AR  its  dire^ion. 

PROP.     VIII. 

Let  there  he  three  forces  A,  5,  C  of  the  farne  kind,  ailing  againft  one      3. 
another,  at  the  point  D,  and  whofe  directions  are  all  in  one  plane; 
and  if  they  keep  one  another  in  equilibria,  thefe  forces  will  he  to 
each  other  refpecfively^  as  the  three  fides  of  a  triangle  drawn  pa- 
rallel to  their  lines  of  dire^ion,  DI,  CI,  CD. 

Let  DC  reprefent  the  force  C,  and  produce  AD,  BD,  and 
complete  the  parallelogram  DICH :  And  by  the  laft  Prop,  the 
force  DC  is  equivalent  to  the  two  forces  DH,  DI;  put  there- 
fore, the  forces  DH,  DI  mftead  of  DC,  and  ail  the  forces  will 
ftill  be  in  equilibrio.  Therefore  by  Ax.  1 1.  D7is  equal  to  its 
oppofite  force  A,  and  DH  or  Cf  equal  to  its  oppofite  force  B. 
Therefore  the  three  forces  A,  B,  C  are  refpedively  as  DI,  CI,  CD. 

Cor.  I.  Hence  the  forces  A,  B,  C  are  refpe^ively  as  the  three  fides 
cf  a  triangle,  drawn  perpendicular  to  their  lines  of  dire^ion,  or  in 
any  given  angle  to  them,  on  the  fame  fide.  For  fuch  a  triangle  will 
be  fimilar  to  the  former  triangle. 

Cor.  2.  7  he  three  forces  ABC  will  he  to  each  other  as  the  fines  cf 
the  angles  through  which  their  refpe^ive  lines  of  dire ^ ion  do  pafs,. 
when  produced  : 

For  DI:  CI:  :  S.DCIot  CDB  :  S.DCIov  CD  A. 

And  CI:  CD:  :  S.CDI  or  CDA:  S.CHD  or  HDIox  ADB: 

Cor.  3.  If  there  he  never  fo  many  forces  a^ing  againfl  any  point  in 
one  plane.,  and  keep  one  another  in  eqidlibrio  ;  they  tnay  he  all  reduced 
to  the  action  of  three,  or  even  of  two  equal  and  oppofite  ones. 

For  if  HD,  ID  be  two  forces,  they  are  equivalent  to  the  fmgle 
force  DC.  and  in  like  manner  ^  and  B  may  be  reduced  to  afingle 
force. 

Cor.  4.  Andif  ever  [0  many  forces  in  different  planes,  aoling  a^ainfh 
one  point,  keep  one  amther  in  equilibrio ;  they  may  be  all  reaucea 

to 
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U  the  anions  of  fever  al  forces  in  one  plane  ^  and  confeq^uently  to  two 
equal  and  cppofite  cms. 
3-  For  if  the  four  forces  J,  B,  II,  /,  aft  againft  the  point  D  ; 

and  //,  7,  be  out  of  the  plane  JBD.  Let  DC  be  the  common 
fedion  of  the  planes  JDB,  HDI\  then  the  forces  //,  /,  arc  re- 
duccd  to  the  force  C,  in  the  plane  ADB. 

S  C  H  O  L. 

This  Prop,  holds  true  of  all  forces  whatever;  whether  of  im- 
pulfe  or  perculFion,  thrufting,  pulling,  preffing  ;  or  whether 
inftantaneous  or  continual  ;  provided  they  be  all  of  the  fame 
kind. 

Hence  if  three  forces  a6l  in  one  plane,  their  proportions  are 
had;  and  if  one  force  be  given,  the  reft  may  be  found.  And  if 
four  forces  a6t,  and  two  be  given,  the  other  two  may  be  found  -, 
but  if  only  one  be  given,  the  reft  cannot  be  found  ;  for  in  the 
three  forces,  A,  B,  C,  the  force  C  may  be  divided  into  other 
two,  an  infinite  number  of  ways,  by  drawing  any  parallelogram 
DICH  about  the  diagonal  DC.  And  in  general  if  there  be  any 
number  of  forces  afting  at  D,  and  ail  be  given  but  two,  thele 
two  may  be  found  :  otherwife  not,  though  the  pofitions  of  them 


all  be  given. 


PROP.     IX. 


If  one  Icdy  aHs  aga'infl  another  lody^  hy  any  kind  of  force  lohate'vcr^ 
it  exerts  that  force  in  the  dire^ton  of  a  line  Perpendicular  to  the 
furface  whereon  it  aEls. 

Let  the  body  B  be  acted  on  by  the  force  AB  in  the  direftion 
AB.  Let  the  body  C  and  the  obftacle  O,  hinder  the  body  B  from 
moving  •,  divide  the  force  AB  into  the  two  forces  AD,  AE  ,  or 
EB,  DB,  by  Cor.  5.  Prop.  Vll.  the  one  perpendicular,  the 
other  parallel  to  the  furface  DB  ;  then  the  furface  DB  receives 
the  perpendicular  force  EB,  and  the  obftacle  O  the  parallel  force 
DB  ;  take  away  the  obftacle  O,  and  the  force  DB  will  move  the 
body  B  in  adiredion  parallel  to  the  furface,  with  no  other  effed: 
than  what  arifes  from  the  fridlon  of  B  againft  that  furface,  oc- 
cafioned  by  the  prefture  of  B  againft  it  by  the  force  EB  ;  which, 
if  the  furface  be  perfectly  fmooth  and  void  of  tenacity,  will  be 
nothing.  The  force  DB  therefore  having  no  eft'eft,  the  remain- 
ing force  EB  will  be  the  only  one,  whereby  the  body  B  ads 

againft: 
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againft  the  furface  DB^  and  that  in  diredion  EB  perpendicular   p  i  g. 


to  It. 


Ccr.  \,  If  a  green  body  B  Jlrike  another  body  C  obliquely,  at  any 
ar.gle  ABD,  the  mngnitude  of  the  fir  eke  ivill  he  direBly  as  the  veto- 
city  and  the  fine  of  the  angle  of  incidence  ABD  ;  and  the  body  C  re- 
ceives that  fir oke  in  the  dire^ion  EB  ^perpendicular  to  the  furface 

DB. 

■  For  if  the  angle  ABD  be  given,  the  ftroke  will  be  greater  in 
proportion  to  the  velocity  •,  and  if  the  velocity  AB  be  given,  the 
llroke  win  be  as  AD,  or  S.  <  ABD  :  Or  the  magnitude  of  the 
ftrokeis  as  the  vclociry  wherewith  the  body  approaches  the  plane. 

Cor.  2.  If  a  perfectly  eloflic  body  A  impinges  on  a  hard  or  elafiic 
body  CB  at  B,   it  will  he  reflected  from  it^fo  that  the  angle  of  re- 
'  fieftion  will  he  equal  to  the  angle  of  incidence. 

For  the  motion  at  B  parallel  to  the  furface  is  not  at  all  changed 
by  the  ftroke.  And  becaufe  the  bodies  are  elallic  they  recover 
their  figure,  in  the  fame  time  they  lofe  it  by  the  ftroke  -,  there- 
fore the  velocity  in  dire6lion  BE  is  the  fame  after  as  before  the 
ftroke.  Let  AE,  BE  reprefent  the  velocities  before  the  ftroke, 
and  ED  (—  AE)  and  BE  the  refpedive  velocities  after  the 
ftroke  ;  then  in  the  two  fimilar  and  equal  triangles  AEB,  BED^ 
<  ABE  \sequA  to  EBD. 

But  fince  no  bodies  in  nature  are  perfectly  elaftic,  they  are 
fomething  longer  of  regaining  their  figure  ;  and  therefore  the 
angle  DBF  will  be  fomething  more  acute  than  the  <  ABG, 

Cor.  3.  If  one  gii-en  body  impinges  upon  another  given  body -,  the 
magnitude  of  the  p-oke  will  he  as  the  relative  velocity  between  the 
bodies. 

For  the  magnitude  of  the  ftroke  is  as  the  line  BE,  or  the  ve- 
locity wherewith  the  bodies  approach  each  other  ;  that  is,  as  the 
relative  velocity. 

Cor.  4.  And  in  anybodies  whatever,  if  a  body  in  motion  firike 
againjt  another,  the  magnitude  of  the  ftroke  will  be  as  the  motion  lo/i 
by  the  fir  iking  body. 

For  the  motion  imprcfled  on  the  body  that  receives  the 
ftroke  is  equal  to  the  magnitude  of  the  ftroke.  And  the  fame 
motion  by  Ax.  3.  is  equal  to  the  motion  loft  in  the  ftriking 
body. 

Cor, 


^> 
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Cor.  5.  A  }wn-elajiic  body  Jlrikwg  another  7ion-elaflic  body,  C7ily 
lofes  half  as  much  mction  as  if  the  bodies  ivere perfe^ly  elaftic. 

For  the  non-elaftic  bodies  only  Hop;  but  elaihc  bodies  recede 
with  the  lame  velocity  they  meet  with. 

Cor.  6.  Hence  alfo  it  follows,  that  if  one  body  aUs  upon  another^ 
■by  firiking^preffmg,  ^c.  the  other  re-a£fs  upon  this  in  the  dircBion 
of  a  line  perpendicular  to  the  fur  face  '•jjhcreon  thy  a5l.     By  Ax.  3. 

S  C  H  O  L. 

Thouoh  the  momentum  or  quantify  of  motioti  in  a  moving 
body,  isl  quite  diftind  thing  from  the  force  that  generates  it^ 
yet  when  it  Icrikes  another  body  and  puts  it  into  motion,  it  may 
with  reipecT:  to  that  other  body,  he  confidcred  as  a  certain  quan- 
tity of  force  proportional  to  the  motion  it  generates  in  the  other 

body. 

Alfo,  although  the  motion  generated  by  the  impulfe  of  ano- 
ther body  is  coniidered  as  generated  in  an  inllant,  upon  account 
of  the  very  fmall  time  it  is  performed  in ;  yet  in  mathematical 
flridnefs  it  is  abfolutely  impoffible  that  any  motion  can  be  ge- 
nerated in  an  inftant,  by  impulfe  or  any  fort  of  finite  force 
whatever.  For  when  we  confider  that  the  parts  of  the  body 
which  yield  to  the  ftroke,  are  forced  into  a  new  pofition  •,  there 
will  be  required  fome  time  for  the  yielding  parts  to  be  moved 
through  a  certain  fpace  into  this  new  pofition.  Now  during  this 
time, 'the  two  bodies  are  ading  upon  each  other  with  a  certain 
accelerative  force,  which  in  that  time  generates  that  motion, 
which  is  the  effeft  of  their  natural  irapul.e.  So  that  it  is  plain 
that  this  is  an  eifeft  produced  in  time ;  and  the  lefs  the  time, 
the  greater  the  force  ;  and  if  the  time  be  infinitely  fmall,  the 
force  ought  to  be  infinitely  great,  which  is  impoffible.  But  by 
realbn  that  this  effed  is  produced  in  fo  fm^ll  a  time  as  to  be 
utterly  imperceptible,  fo  that  it  cannot  be  brought  to  any  cal- 
culation •,  upon  this  account  the  time  is  entirely  fet  afide,  and 
the  whole  efied  imputed  to  the  force  only,  which  is  therefore 
fuppofed  to  ad  but  for  a  moment. 

The  quantity  of  motion  in  bodies  has  been  proved  to  be  as 
the  velocity  and  quantity  of  matter.  But  the  momentum  or 
quantity  of  motion  may  be  the  fame  in  different  bodies,  and 
yet  may  have  very  different  effeds  upon  other  bodies,  on  which 
they  impinge.  For  if  a  fmall  body  with  a  great  velocity  im- 
pinge upon  another  body;  and  if,  by  reafon  of  its  great  velo- 
city, it  ad  more  ftrongly  upon  the  fmall  part  of  the  body  upon 

which 
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which  it  impinges,  than  the  force  of  cohefion  of  the  parts  of  f  i  c. 
that  body  ;  then  the  part  afted  on,  will,  by  this  vigorous  ac- 
tion, be  feparated  from  the  reft  -,  whilft,  by  reafon  of  the  very 
fmall  time  of  adling,  little  or  no  motion  is  communicated  to 
the  reft  of  the  body.  But  if  a  great  body  with  a  fmall  velocity 
ftrike  another  body,  and  if  by  reafon  of  its  fiow  motion  it  does 
not  ad  fo  vigoroufly  as  to  exceed  the  force  of  cohefion,  the 
part  ftruck  will  communicate  the  motion  to  the  reft  ofthe  body, 
and  the  whole  body  will  be  moved  together.  Thus  'i<^"a  bullet 
be  ftiot  out  of  a  gun,  the  momen  turn  of  the  bullet  and  piece 
are  equal ;  but  the  bullet  will  fhoot  through  a  board,  and  the 
gun  will  only  jump  a  little  againft  him  that  difcharges  k. 
Therefore,  fmall  bodies  with  great  velocity,  are  more  proper  to 
tear  in  pieces :  and  great  bodies  with  fmall  velocity,  to  ftiake  or 
move  the  whole. 

P  R  O  P.    X. 

^hefum  of  the  motions  of  any  two  bodies  in  any  one  line  ofdire^ion, 
towards  the  fame  part^  cannot  be  ch tinged  by  any  ahion  of  the 
bodies  upon  each  other ^  whatever  forces  thefe  anions-  are  caiifed 
by^  or  the  bodies  exert  among  themfelves. 

Here  I  efteem  progreflive  motions,  or  motions  towards  the 
fame  part,  affirmative  ;  and  regreflive  ones,  negative. 

C  A  s  E     I. 

Let  two  bodies  move  the  fame  way,  and  ftrike  one  another 
diredly.  Now,  ftnce  adion  and  re-a6lion  (by  Ax.  3.)  are  equal 
and  contrary,  and  this  aftion  and  re-a6tion  is  the  very  force 
by  which  the  new  motions  are  generated  in  the  bodies  ;  there- 
fore (by  Ax.  2.)  there  will  be  produced  equal  changes  towards 
contrary  parts :  And  therefore  whatever  quantity  of  motion  is 
gained  by  the  preceding  body  will  be  loft  by  the  following 
one  ;  and  confequently  their  fum  is  the  fame  as  before.  , 

And  if  the  bodies  do  not  ftrike  each  other,  but  are  fuppofed 
to  aft  any  other  way,  as  by  preftlire,  attraction,  repulfion,  ^c. 
yet  ftill,  fince  action  and  re  adlion  are  equal  and  contrary,  there 
will  be  induced  an  equal  change  in  the  motion  of  the  bodies, 
and  in  contrary  diredions ;  fo  that  the  fum  of  the  motions  vi'ill 
ftill  remain  the  fame. 

D  Case 


8  GENERAL     LAWS 


I 

F  1  G. 


C  A  S  E       II.  I 

Suppofe  the  bodies  to  ftrike  each  other  obliquely  •,  then  fincc 
(by  the  laft  Prop.)  they  adt  upon  each  other  in  a  diredion  per- 
pendicular to  the  lurface  in  which  they  ftrike ;  the  action  and 
re-lGljon  ijii  that  direction  being  equal   and  contrary  •,  the  lum 
of  the  miEM:ions,   the  lame  v/ay,   in  that  line  ot  direction,   mull 
remain  the  fame  as  before.     And   fince  the   bodies  do  not  act 
n-pon  each  other  in  a  dire6lion  parallel  to  the  ftriking  furface-, 
therefore  there  is  induced  no  change  of  motion  in  that  dire<5lion. 
And  therefore  univerfally  the  furn  of  the  motions  will  remain 
the  fame,  confidered  in  any  one  line  of  diredion  whatever.    And 
if  the  bodies  atl  upon  one  another  by  any  other  forces  whatever, 
flill  (by  Ax.  2.  and  3.)  the  changes  of  motion    will  be  equal 
and  contrary,  and  their  fum  the  fame  as  before. 

Cor.  I .  I'be  fum  of  the  motions  of  any  fyjlem  or  number  of  kodiep, 
in  any  one  line  of  dire^lion^  taken  the  fame  '•jo ay ^  remains  always 
the  fame ^  whatever  forces  thefe  bodies  exert  upon  each  others 
efteeming  contrary  motions  to  be  negative.     Jnd  therefore. 

Cor.  2 .  ^be  fum  of  the  motions  of  all  the  bodies  in  the  world, 
eflimated  in  one  and  the  fame  line  of  dire^iion,  and  always  the  fame 
way,  is  eternally  and  invariably  the  fame  -,  ejieeming  thefe  motions  -« 
affirmative  which  are  progreffive,  or  dire^ed  the  fame  way  -,  and  the 
regreffve  motions  negative.  And  therefore  in  this  fenfe  motion  can 
neither  be  increafed  nor  diminifhed.     But, 

^-  'Cor.  3.  If  you  reckon  the  motions  in  all  dire5f ions  to  be  affirma- 
tk)e,  then  the  quantity  of  motion  way  be  increafed  or  decreafed  an 
infinite  number  of  mays.  As  fuppofe  two  equal  7ion-elaJlic  bodies^  to 
meet  one  another  with  equal  velocities,  they  will  both  flop  and  lofe 
ell  their  motions. 

For  let  M  be  the  motion  of  each,  then  before  meeting  the 
fum  of  their  motions  is  M+M ;  and  after  their  meeting,  it  is 
o.  But  in  the  fenfe  of  this  Prop.  M—M  is  the  fum  of  the  mo- 
tions before  they  meet,  becaule  they  move  contrary  ways,  which 
is  b;  and  it  is  the  fame  after  they  meet.  And  thus  a  man 
may  put  feveral  bodies  into  motion  with  his  hands,  which  had 
no  motion  before  j  and  that  in  as  many  feveral  diredtions  as  he 
will. 

C  PROP. 
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PROP.    XI. 

The  motions  of  bodies  included  in  a  given  fpace,  are  the  fame  among 
themfelves ;  whether  that  fpace  is  at  reji,  or  moves  uniformly 
forward  in  a  right  line. 

For  if  a  body  be  moving  in  any  right  line;  and  there  be 
any  force  equally  imprefled,  both  upon  the  body  and  the  right 
line  in  any  dire<5lion.  And  in  confequence  of  this,  they  both 
move  uniformly  with  the  lame  velocity  ;  now  as  there  is  no  force 
to  carry  the  body  out  of  that  line,  it  muft  ftill  continue  in  it  as 
before  ;  and  as  there  is  no  force  to  alter  the  motion  of  the  body 
in  the  right  line-,  it  will  (by  Ax.  i.)  ftill  continue  to  move  in 
it  as  before.  For  the  fame  reafon,  the  motions  of  any  number 
of  bodies  moving  in  feveral  directions,  will  ftill  continue  the 
fame  ;  and  their  motions  among  themfelves  will  be  the  fame, 
whether  that  fpace  be  at  reft,  or  moves  uniformly  forward. 

Likewife,  fince  the  relative  velocities  of  bodies,  (that  is.  the 
difference  of  the  real  velocities  the  fame  way  ;  or  their  fum, 
different  ways)  remain  the  fame,  whether  that  fpace  be  at  reft, 
or  it  and  the  bodies  move  uniformly  forward  all  together. 
Therefore  their  mutual  impulfes,  colliftons,  and  a<5lions  upon 
one  another,  being  (by  Cor.  3.  Prop.  IX.)  as  the  relative  velo- 
cities, muft  (by  Ax.  3.)  remain  the  fame  in  both  cafes. 

S  C  H  O  L. 

Before  I  end  this  feflion,  it  may  not  be  amifs  to  mention  a 
certain  kind  of  force,  called  by  the  foreigners,  vis  viva.  This 
they  term  a  faculty  of  ailing;  and  diftinguiOi  it  from  the  vis 
mortua,  which  with  them  fignifies  only  a  felicitation  to  motion, 
fuch  as  preffure,  gravity,  i^c.  concerning  this  vis  viva  they  talk 
fo  obfcurely,  that  it  is  hard  to  know  what  they  mean  by  it. 
But  they  rneaiure  its  quantity  by  the  number  of  fprings  which 
a  moving  body  can  bend  to  the  fame  degree  of  tenfion,  or  break  ; 
whether  it  be  a  longer  or  iliorter  time  in  bending  them.  So 
that  the  vis  viva  is  the  total  effect  of  a  body  in  motion,  afting 
till  its  motion  be  all  fpent.  And  according  to  this,  they  find, 
that  the  force  (ox  vis  viva)  to  overcome  any  number  of  fprings, 
will  always  be  as  the  body  multiplied  by  the  fquare  of  the  ve- 
locity. 

D  2  Suppofc 
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F  I  G.  Suppofe  any  number  of  equal  and  fimilar  fprings  placed  at 
equal  dillances  in  a  riglu  line  •,  and  a  body  be  moved  in  the 
lame  right  line  agaijill  chefe  fprings  ;  then  the  number  of  fprings 
which  ihat  body  will  break  before  it  (top,  will  be  as  the  fquare 
of  its  velocity,  whatever  be  the  law  of  the  rcfiftance  of  any 
fpring  in  the  feveral  parts  of  its  tenfion.  For,  from  the  fore- 
going Prop,  it  appears,  that  the  fwifter  the  body  moves,  lb 
much  the  Icfs  time  has  any  fpring  to  adl  againft  it  to  deftroy  its 
motion  :  And  therefore  the  motion  dcftroyed  by  one  fpring  will 
be  as  the  time  of  its  afting  ;  and  by  feveral  fprings,  as  the 
whole  time  of  their  adting  -,  and  confequently  the  refiftance  is 
uniform.  And  fince  the  refiftance  is  uniform,  the  velocity  loft 
will  be  as  the  time,  that  is  as  the  fpace  diredly  and  velocity 
reciprocally;  whence  the  fpace,  and  therefore  the  number  of 
fprings,  is  as  the  fquare  of  the  velocity.  And  upon  this  zc- 
count  they  meafure  the  force  of  a  body  in  motion,  by  the  fquare 
of  the  velocity.  So  at  laft  the  "ois  viva  feems  to  be  the  total 
fpace  paffed  over,  by  a  body  meeting  v/ith  a  given  refiftance  ; 
which  fpace  is  always  as  the  fquare  of  the  velocity.  And  this 
comes  to  the  fame  thing  as  the  force  and  time  together,  in  the 
common  mechanics. 

Now  it  feems  to  be  a  necefTary  property  of  the  vis  viva^  that 
the  refiftance  is  uniform.  But  there  are  infinite  cafes  where 
this  does  not  happen  ;  and  in  fuch  cafes,  this  law  of  the  vis 
viva  muft  fail.  And  fince  it  fails  in  fo  many  cafes,  and  is  fo 
obfcure  itfelf,  it  ought  to  be  weeded  out,  and  not  to  pafs  for 
a  principle  in  mechanics. 

Likewife,  if  bodies  in  motion  impinge  on  one  another,  the 
confervation  of  the  vis  viva  can  only  take  place  when  the  bodies 
are  perfectly  elaftic.  But  as  there  are  no  bodies  to  be  found 
in  nature  which  are  fo  j  this  law  will  never  hold  good  in  the 
motion  of  bodies  after  impulfe ;  but,  in  this  refpedl,  it  muft: 
eternally  fail. 

This  notion  of  the  vis  viva  was  firft  introduced  by  M.  Leii>- 
nitz,  who  believed  that  every  particle  of  matter  was  endued 
with  a  living  foul. 
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S  E  C  T.     II. 

Tf>e  laws  of  gravity,  the  defcent  of  heavy  Bodies^ 
and  the  motion  of  projeEiileSy  in  free  fpace, 

PROP.     XII. 

'The  fame  quantity  of  force  is  requifite  to  keep  a  body  in  any  uniform 

motion^  dire^ly  upwards,  as  is  required  to  keep  it  fufpended,  or  at 

reli. 
And  if  a  hody  defcends  uniformly^   the  fame  force  that  is  fujicient 

to  hinder  its  acceleration  in  defcendingy  is  equal  to  the  weight 

of  it. 

For  the  force  of  gravity  will  a£l  equally  on  the  body  in 
any  ftate  whether  of  motion  or  reft.  Therefore  if  a  body  is 
projedled  diredly  upwards  or  downwards,  with  any  degree  of 
velocity  j  it  would  for  ever  retain  its  velocity  if  it  were  not  for 
the  force  of  gravity  that  draws  it  down,  by  Ax.  i ,  If  therefore 
a  force  equal  to  its  gravity  were  applied  directly  upwards  ;  then 
(by  Ax,  9.)  thefe  two  forces  deftroy  each  other's  effeds ;  and  it 
is  the  fame  thing  as  if  the  body  was  adted  on  by  no  force  at  all. 
And  therefore  (by  Ax.  1.)  it  would  retain  its  uniform  motion. 

Cor.  But  if  a  hody  he  moved  upwards  with  an  accelerated  motion  ; 
the  force  to  caufe  that  motion  will  he  greater  than  its  weight  \  and 
that  in  proportion  to  its  acceleration  {by  Ax.  io.)» 

PROP.     XIII. 

^he  velocities  of  falling  bodies  are  as  the  times  of  their  falling  from 

reft. 

For  by  Poflulate  3.  the  body  is  uniformly  afted  on  by  gra- 
vity, whicli  is  its  accelerating  force  downwards  ;  therefore,  by 
Cor.  3.  i^rop.  V.  the  velocity  is  as  the  force  and  time  directly, 
and  the  matter  reciprocally.     But  by  Ax.  5.  the  force  of  gravity 
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FIG.    is  as  the  quantity  of  matter  i  and  confequently,  the  velocity  will 
be  as  the  time. 

Cer.  I.  All  bcdies  falling  by  their  own  weight,  gain  equal  velocities 
in  equal  times. 

Coy.  2.  Whatever  velocity  a  falling  body  gains  in  any  time,  if  it 
be  throzvn  dirc^ly  upwards,  it  ivill  ^lofe  as  much  in  an  equal  time  j 
by  Ax.  12.     And  tlicrefore. 

Cor.  2.  If  a  body  b:  proje5fed  upwards  with  the  velocity  it  ac- 
quired by  falling  in  ary  time\  it  will,  in  the  fame  time,  Icfe  all  its 
motion.     Hence  alfo. 

Cor.  4.  Bodies  thrown  upwards  lofe  equal  velocities  in  equal  times, 

PROP.     XIV. 

'T^he  fpaces  defcribed  by  falling  bodies  are  as  thefquares  of  the  times 
of  their  falling  from  reft. 

For  by  Poftul.  3.  gravity  is  a  uniformly  accelerating  force ; 
therefore  by  Prop.  VI.  the  fpace  defcribed  is  as  the  time  and 
velocity.  But  by  the  laft  Prop,  the  time  is  as  the  velocity ; 
and  therefore  the  fpace  defcribed  is  as  the  fquare  of  the 
time. 

Cor.  I.  'The  fpaces  defcribed  by  falling  bodies  are  alfo  as  thefquares 
of  the  velocities-,  or  the  velocity  is  as  the  fquare  root  of  the  height 
fallen. 

Cor.  2.  Taking  any  equal  parts  of  time-,  then  the  fpaces  defcribed 
by  a  falling  body,  in  each  fucceffiye  part  of  time,  will  be  as  the  odd 

numbers,  1,  3,  5*  7>  9'  *  ^  ^^-  ,      ,  ,  r   •,    j     -m 

For  in  the  times  i,  2,  3,  4,  ^c.  the  fpaces  defcribed  will 
be  as  their  fquares  i,  \,  9,  16,  ^c.  And  therefore  in  the  dif- 
ferences of  the  times,  or  inthefe  equal  parts  of  time  ;  the  fpaces 
defcribed,  will  be  as  the  differences  of  the  fquares,  or  as  i,  3, 

Cor.  3.  A  body  moving  with  the  velocity  acquired  by  falling 
through  any  fp-'ce,  -will  defer ibe  twice  that  fpace  in  the  time  cf  its 

fall.     By  Cor.  i.  Prop.  6. 

Cor, 
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Cor.  \.  If  a  body  he  pvcjeoled  upwards  zvith  the  z^eloiiiy  it  ac-    fig. 
Guircd  in  fallings  it  will^  in  the  fame  time^  afcend  to  the  fame  height 
)t  fell  from  ;  and  defrihe  equal  fpaces  in  equal  times ^  both  in  rifing 
and  fallings  but  in  an  inverfe  order  •,  and  tvill  have  the  farm  velocity 
at  every  point  of  the  line  defcribed. 

For  by  Cor.  2.  of  the  laft  Prop,  equal  velocities  will  be  gained 
or  loft  in  eqnal  times,  (reckoning  from  the  laft  moment  of  the 
deicent).  fherefore,  fince  at  the  feveral  correfpondent  points 
of  time,  the  velocities  will  be  equal,  the  fpaces  defcribed  in  any 
given  time  will  be  equal,  and  the  wholes  equal. 

Cor.  5.  If  bodies  be  projetied  upwards  with  any  velocities^  the 
heights  of  their  afcent  will  be  as  thefquares  of  the  velocities^  or  as 
tbefquares  of  the  times  of  their  afcending. 

For  in  defcending  bodies  the  fpaces  defcended  are  the  fquares 
of  the  laft  velocities,  by  Cor.  i.  And  by  Cor.  4.  the  fpaces 
afcended  will  be  equal  to  thofe  defcended. 

Cor.  6.  Jf  a  body  is  proje^fed  upwards  with  any  velocity^  with 
the  fame  velocity  undimimfhed,  it  would  defcribe  twice  the  fpace  of 
its  whole  afcent^  in  the  fame  time.     By  Cof.  3.  and  4. 

I' 

Cor.  7.  Hence  alfo  all  bodies  from  equal  altitudes  d'fcend  to  the 
furface  of  the  earth  in  equal  times, 

S  C  H  O  I.. 

It  is  known  by  experiments,  that  a  heavy  body  falls  1  6tV  f^^t 
in  a  fecond  of  time,  and  acquires  a  velocity  which  will  carry  it 
over  32-^  feet  in  a  fecond  ;  which  being  known,  the  fpaces  de- 
fcribed in  any  other  times,  and  the  velocities  acquired,  will  be 
known  by  the  foregoing  propofitions ;  and  the  contrary.  Thefe 
propofitions  are  exaftly  true,  where  there  is  no  refiftance  to  hin- 
der the  motion  ;  but  bccaufe  bodies  are  a  little  refifted  by  the 
air,  defcended  bodies  will  be  a  little  longer  in  falling;  and  a  body 
projeded  upwards,  will  be  fomething  longer  in  defcending  than 
in  afcending,  and  falls  with  a  lefs  velocity  ;  and  confequently  a 
body  projded  upwards  with  the  velocity  it  falls  with,  will  not 
afcend  quite  to  the  fame  height;  but  thefe  errors  are  fo  fmall, 
that  in  moft  cafes  they  may  lafely  be  neglefted. 

If  the  force  by  which  a  body  is  accelerated  in  falling  was  di- 
reftly  as  the  height  fallen  from  ;  it  may  be  computed  (by  Cor. 
2.  Prop,  v.;  that  the  velocity  acquired  will  alfo  be  as  the  height; 
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P  ^  ^  or  the  fpace  defcribed  diredlly  as  the  velocity.  And  therefore  if 
bodies  were  projeded  upwards,  they  would  in  this  cafe  aicend 
to  heights,  which  are  as  the  velocities  with  which  they  are  pro- 
jefted.  This  being  compared  with  Cor.  5.  of  the  lalt  Prop,  it 
is  eafy  to  conclude  that  bodies  projcded  upwards,  and  a6ted 
upon'  by  a  force  which  is  neither  of  a  given  quantity,  nor  in 
proportion  to  the  diftance  of  the  body  from  the  top  of  the  af- 
cenr,  but  between  them  -,  that  thefe  bodies  will  then  afccnd  to 
heights  which  are  between  the  fimplc  and  duplicate  ratio  of  the 
velocities. 

And  as  thefe  propofitions  lead  us  to  the  knowledge  of  the  re- 
lation between  the  velocities  and  fpaces  defcribed,  from  the 
forces  being  given.  Soviceve^'fa^from  thar  relation  being  given, 
the  forces  may  be  known.  Whence  if  bodies  are  projc6ted  with 
any  velocities  into  a  rcfifting  medium,  and  the  fpaces  defcribed 
within  that  body,  meafured  ;  the  conftitution  of  that  body,  and 
the  law  of  its  refiftance  v/ill  be  found. 

PROP.     XV. 

If  a  lody  he  projected  either  parallel  to  the  horizon^  or  in  any  clique 
direhiotti  it  i^ill,  hy  its  motion^  defer ibe  a  parabola. 

5  -  Let  AD  be  the  direflion  of  the  motion,  AFG  the  curve  de- 
'  fcribed;  and  let  J5,  BC,  CD,  &c.  be  all  equal;  draw  y^'M, 
BF^  CG,  DH,  &c.  perpendicular  to  the  horizon  -,  and  complete 
the  parallelograms,  AF,  AG,  AH,  &c.  then  by  Ax.  i.  if  the 
body  were  without  gravity,  it  would  move  on  in  the  line  AD  -, 
and  defcribe  the  lines  /IB,  BC,  CD,  &c.  in  equal  times.  Now 
fince  gravity  adls  in  lines  perpendicular  to  the  horizon,  it  does 
not  affe6i:  the  motion  in  direction  AD  ;  but  generates  a  motion 
in  diredlion  AM.  So  that  the  body,  inftead  of  being  at  B,  C, 
D,  &c.  will  at  the  fame  points  of  time  be  at  F,  G,  //,  &c.  But 
in  the  time  of  defcribing  AB,  AC,  AD,  the  body,  by  the  force 
of  o-ravity,  will  defcend  through  the  fpaces  BF,  CG,  DH-, 
which  are  as  the  fquares  of  the  times  they  are  defcribed  in,  (by 
Prop.  XIV.)  that  is  as  the  fquares  of  the  lines,  AB,  AC,  AD. 
But  AB,  AC,  AD  are  equal  to  KF,  LG,  MH ;  and  BF,  CG, 
DH,  equal  to  AK,  AL,  AM.  Therefore  the  parts  of  the  axis 
of  the  curve,  AK,  AL,  AM,  Sec.  are  refpecSlively  as  the  fquares 
of  the  ordinates  KF\  LG\  MH\  &c.  And  therefore,  by  the 
conic  feftions,  the  curve  AFG  is  a  parabola. 

Coi't 
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Cor,  I.  ^he  Ufie  of  direction  AD  is  a  tangent  to  the  curve  in  A,   fig. 

And  the  latus  return  to  the  point  A  is  ——.  or  -— — .       And    in      7» 

AF\.  Br 

AO^ 
the   clUmi    p-oje^ioffy  the    parameter    is  --— ,  Juppofmg AOP 

Bt 

perpendicular  to   AM,   and  G  the  vertex.     For  then  _-,     zz 
AP^' 


CG-GP 

Cor.  2.  If  the  horizontal  velocities  ofprojeBiles  he  the  fame  ^  what- 
ever their  elevations  he,  they  will  defcrihe  the  fame  parabola.^ 

For  if  AB  be  the  velocity  and  direaion  of  the  projedile,  then 
AO  is  the  horizontal  velocity.  When  the  body  comes  to  the 
vertex  G,  its  motion  is  then  parallel  to  the  horizon,  which  parallel 
motion  remains  the  fame  as  before,  that  is,  equal  to  AO.  There- 
fore it  defcribes  the  fame  parabola,  as  a  body  projefted  from  G 
with  the  velocity  AO  parallel  to  the  horizon. 

Cor.  3.  ^he  velocity  of  a  proje^ile  in  any  point  of  the  curve^  is  as 
the  fecant  of  the  angle  of  its  direaion  ahave  the  horizon. 

For  AO  the  horizontal  velocity  is  the  fame  at  all  points  of  the 
curve  i  and  the  velocity  AB  at  A^  in  the  curve  is  the  fecanc  of 
the  angle  of  elevation  OAB, 

Cor.  4.  7he  velocity  at  any  point  of  the  curve  is  the  fame  that  is 
acquired  by  falling  through  1  the  parameter  belonging  to  that  point -y 
or,  which  is  the  fame,  through  I  of  the  principal  latus  return  +  the 
ahfciffa  to  that  point. 

For  let  lA  be  the  fpace  fallen  through  to  acquire  the  velocity 
in  any  point  as  A-,  then  the  fpace  AD  defcribed  in  the  fame  time 
with  that  velocity  in  direaion  AV,  will  be  o.AJ  (by  Cor  3. 
Prop.  XIV.)  but  in  the  fame  time,  by  the  fame  force  of  gravity, 
the  body  will  delcend  through  an  equal  fpace  DU,  therefore  AD 

or  MH  =  iDH  or  lAM  ;  but  the  parameter  —    — 

i^  or  4JM.     Therefore  i^Mor  AI  =  -  parameter 


PROP. 
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F  fC. 

PROP.     XVI. 

J^he  horizontal  dijtances  of  prcje^ions,  made  with  any  velocities,  and 
at  any  elevations,  are  as  the  fines  of  the  doubled  angles  of  elevation^ 
and  the  fquares  of  the  velocities  conjun^ly. 

7.  Let  1^  iz  velocity  cf  the  proje^lile-,  me  a  fur  ed  by  the  fpace  it 

pafjes  through  in  time  \" . 
f  zz  defcent  of  a  body  by  gravity  in  the  fame  time, 
X  rz  y^E  the  horizontal  dijlance,  or  amplitude, 

~    ^^ r     \  of  the  elevation  VAE, 
c  zz  cofme  J  •' 

j>  ~  „  ^r  r    \  of  twice  the  elevation. 
B  iz  verj.ftnei 

Then  by  trigonometry,  isc—A,  and  2iJzi^,  when  the  radius 
is  I.     And  in  the  right  angled  triangle  AEV, 

c:x  :\  (rad.)  i  :  1.  —  AV^  and 
c 

c   :   X     ::     s  :     ^JL-VE, 

c 

And  by  Prop.  III. 

V  :  (time)  i   ::  {AF)JL  :  —  =  timeof  defcribing  AF. 

c       cv 

And  by  Prop  XIV. 

/:(time)i  :;  fl(/^£) :  -=  fquareofthetimeof  defcrib- 
c  cj 

ing  VE.    Now  the  times  of  defcribing  ^^,r£,  and  the  curve  y^G£ 

are  all  equal.    Whence  -  zi  -f^.     Therefore  x  =  '^—     - 

cf       vvcc  f 

.,     And  therefore  x  or  AE  is  as  vvA. 

2/ 

Ccr.  Hence,  the  altitudes  of  projections ,  are  as  the  fquares  of  the 
fines  of  elevation,  and  the  fquares  of  the  velocities  ;  or  as  the  verfed 
fines  of  the  doubled  angles  of  elevation,  and  the  fquares  of  the  veloci- 
ties. 

For  if  G  be  the  vertex,   GP  —  {  CP  —  \  VE,  and  VE  zz 

sx__vvss^  Therefore  GP  -'^~  -   —.    Therefore  GP  is 
'        f  ^f  sf 

a  s  vvsf  or  as  vv  B. 

8  Cor. 
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Cor.  2.  1'be  times  of  flight  of  proje^ileSj  are  as  the  velocities^ 
and  the  fines  of  elevation. 


F  I  G. 


-^        ,        •  X  vs 

For  the  time  — — :=  --— 
cv       J 

Cor.  3.  'The  great eji  random  or  horizontal  proje5iion,  is  at  the 
elevation  of  /i^s  degrees.  And  the  horizontal  dijtances  are  equal,  at 
elevations  equally  diflant  above  or  below  45°. 

S  C  O  L. 

Let  h  be  the  height  of  the  perpendicular  projeftion  with  the 

velocity  v  ;  then  will  h  zz   —    Whence 

4/ 

Horizontal  difiance  ~  '^^^  ~   — -    =:  ^ch  —  2  Ah. 

f  2/ 

Altitude  of  the  proje5lion  —  —   — -  ^  ssh  —  i  Bh. 

•^  4/  ^f 

Time  of  flight  —'^L    —    2s^  j. 

PROP,   xvii: 

The  diflances  of  proje^ions  made  on  any  inclined  planes,  are  in  the 
complicate  ratio  of  the  fines  of  the  angles  which  the  lines  of  direc- 
tion  make  with  the  pl:ne  and  zenith,  and  the  ihefquares  of  the  ve- 
locities, dire^ly,  and  the  cofines  fquared  of  the  plane' s  elevation 
reciprocally. 

Let  AE  be  the  inclined  plane,  ^^the  direftion  of  the  pro- 
jedile,  SA^   CP,  VE  perpendicular  to  the  horizon  ;  AGE  the      8. 
path  of  the  projectile,  and  let 

V  —  velocity  of  the  projeElde  in  A,  meajiired  by  thefpace  it 

defcribes  in  the  times  i . 
/  zi  fpace  defcribed  by  a  defending  body  in  the  fame  time. 
s  —  fine  of  VAE, 
c  zz  fine  of  V/IS, 
z  zzfiine  of  SAE, 
X  —  AE  the  oblique  diflance,  or  random. 

E  2  Then 


a8 
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f  I  G. 

8. 

Then  by  plane  trigonometry, 
c:x{JE)  ::  z:  JF  -   — ,  and 

C 

c  \  X  ::  s'.VE  —  — 
c 

And  by  Prop.  IH. 

Space  V  :  time  i  ::  (AV)  ^I^-.  —  -  time  of  defcribing  AB. 

c       cv 

And  by  Prop.  XIV. 
Space/:  time  I   ::  [VE)^    :—    =    fquareofthe  time  of 

defcending  through  VE. 

But  the  times  of  defcribing  AF,  VE  being  equal,  we  have 

!X  XXZZ  S  XZZ  ,  sew  J     r     u    • 

—  zz ,  or  -  ~  —  -,  whence  x  zz   ,  and  /    being  a 

/c       ccvv         f         cvv  fzz 

sew 
given  quantity,  x  or  AE  is  as . 

zz 

Cor.  I.  The  heights  above  the  plnnes^  afe  as  the  fquares  of  the 
'velocities^  the  fquares  of  /A?  fines  of  elevation  above  the  plane^ 
diredly\  and  the  fquares  of  the  cofines  of  the -plane'' s  elevation^  re- 
ciprocally. 

For  \i  AP—PEy  then  G  is   the  vertex  of  the  parabola,  in 

refpea  of  the  plane  AE.     And  GP  =  lFE -^JL -'—. 

Y       Af^-z 

Ccr.  2.  The  times  of  flight  are  are  as  the  velocities  and  fines  of  ele- 
vation above  the  plane  •,  and  the  cofines  of  the  planers  elevation  re^ 
ciprocally. 

For  the  time  is  =:  —  zz   — . 
cv  fz 

Ccr,  3.  Hence  alfo  the  altitude  is  as  thefquare  of  the  time  cf flight. 

For  the  altitude  is ,  and  the  time  as  — 

zz  z 

Cor.  4.  The  greateji  projeBion  upon  an  inclined  plane^  is  whefi 
the  line  of  dirrliion  bfeits  the  angle  between  the  plane  and  zenith. 
And  the  prcjetl ions  are  equal  at  elevations  equally  difiant  from  this 
liney  above  and  belo'iv. 

4.  For 
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For  upon  the  fame  plane,  AE  is  as  sc,  and  sc  is  greateft  when    fig. 
J— f.     And  at  equal  diftances  above  and  below  sc  is  the  fame.         8, 

Cor.  5.  this  Prop,  holds  true,  whether  the  proje5lwns  he  made 
tip.,  or  down  the  planes  -,  or  whether  both  planes  be  inclined,  or 
one  is  inclined  and  the  other  horizontal, 

S  C  H  O  L. 

Let  h  —  height  of  the  perpendicular  projedion  as  before,  then 

^  =  !:^.    Whence 
4/ 

Length  of  the  proje^ion  z:  -- —  zz  zJJ, 

fzz        zz 

Heizht  of  the  projeBion  zz  — - —  zz  — . 
^       -^         ^  -^  4zz        zz 

Time  &f  flight  z=.  ''—zz  __/-.. 

And  if  ^  =  JE  the  length  of  the  projedion,  then  ^.f^  z:  d^ 

Jzz 

whence  v  zz  z     11. .      And  fupppofing  the  utmoft  random  of 
^  sc 

one  of  our  greateft  guns  to  be  5864  paces;  then  1;  rz  194  paces 

Sz  324  yards,  fo  that  a  ball  fhot  out  of  her,  moves  at  the  rate 

of  3 24  yards  in  a  fecond.     All  this  fuppofes  that  there  is  no 

refiftance  of  the  medium.     But  it  may  be  noted,  that  by  reafon 

of  the  air's  refiftance,  the  upper  randoms,  being  more  refifted, 

fcarce  go  fo  far  as  the  under  randoms  j  and  the  greateft:  random 

upon  a  horizontal  plane,  is  therefore  at  fomething  lefs  elevation 

than  45  degrees. 


S  E  C  T^ 


[    3°    ] 

SECT.     III. 

Tibe  properties  of  the  mechanical  powers ;  the  ha- 
la?icey  the  leaver^  the  wheely   the  pulley^  the 
fcrue^  and  the  wedge, 

PROP,   xviir. 

TIC,    If  ^i  i^s  ends  of  a  hatance  AB,  which  are  eciually  dijl  ant  from  the 
o^  center  of  motion  C,  two  equal  weights  be  fufpended ;    they  will  be 

in  eqiiilibrio. 

Here  AB  that  reprefents  the  balance  Is  fuppofed  to  be  a  right 
line,  in  which  are  the  three  points  A^  B,  C.  Now  the  weights  A, 
j8,  cannot  a6t  upon  one  another  any  otherwife  than  by  means 
of  the  balance  AB,  whole  fixed  point  is  C. 

Suppofe  then  that  any  force  applied  at  ^  puts  the  body^ 
into  motion,  and  by  means  of  the  balance  the  body  B  -,  then 
fince  the  brachia  of  the  beam  CA  and  CB  are  equal  -,  the 
arches  Aa^  Bb,  defcribed  by  thefe  bodies  will  be  equal.  Con- 
fequently  the  velocities  and  quantities  of  matter  of  A,  5,  being 
equal,  their  momenta  or  motions  will  be  equal.  And,  becaufe 
ACB  is  a  right  line,  they  move  in  a  contrary  direftion;  and 
therefore  by  Ax.  9.  thefe  bodies  cannot  of  themfelves  raife  one 
the  other,  but  muft  remain  in  equilibrio. 

Cor.  Hence  equal  forces  A,  B,  applied  at  equal  dijlances  from  the 
center  of  motion  C,  will  have  the  fame  effe^  in  turning  the  balance. 


PROP. 
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PROP.    XIX. 


FIG. 


In  any  fir  eight  leaver^  if  the  power  P  he  to  the  weight  W,  as  the  10. 

dijiance  of  the  weight  from  the  fulcrum  C,  to  the  dijiance  of  the  19. 

power  from  the  fulcrum -,  the  power  and  weight  {a^ing  perpen-  20, 

dicularly  on  the  leaver)  will  be  in  eq^uilibrio.  12. 

A  leaver  is  any  inflexible  beam,  (lafF,  or  bar,  whether  of  metal 
or  wood,  &c.  that  can  any  way  be  applied  to  move  bodies. 
There  are  four  kinds  of  leavers  ; 

1 .  A  leaver  of  the  firft  kind  is,  that  where  the  fulcrum  is  be- 
tween the  weight  and  the  power,  (fig.  10.) 

2.  A  leaver  of  the  fecond  kind  is,  where  the  weight  is  be- 
tween the  fulcrum  and  the  power,  (ng.  19.) 

3.  The  leaver  of  the  third  kind  is,  where  the  power  P  is  be- 
tween the  weight  and  the  fulcrum,  (fig.  20.) 

4.  The  fourth  kind  is  the  bended  leaver,  (fig.  12.) 

Case     I. 

In  the  leaver  of  the  firft  kindle  P,  inftead  of  the  power  P,ap-  10. 
ply  a  weight  P  to  a6l  at  the  end  of  CP.  And  let  the  leaver  JVCP 
be  moved  into  the  pofition  aCb.  Then  will  the  arches  JVa^  Pb 
be  as  the  radii  C/F,  CP  •,  that  is  as  the  velocities  of  the  weight 
and  power.  Whence  fince  P  \  W  \\  CIV -,  CP,  therefore  P: 
W  : :  velocity  of  W  :  velocity  of  P  :  therefore  P  x  velocity  of 
P  ^iW  X  velocity  of  TF.  Confequently  the  momenta  or  mo- 
tions of  P  and  JV  arc  equal.  And  fince  they  adl  in  coritrary 
diredlions,  therefore  by  Ax.  9.  neither  of  them  can  move  the 
other,  but  they  will  remain  in  equilibrio. 

Case     II. 

The  leavers  of  the  fecond  and  third  kind  may  be  reduced  to  19: 
the  firft  thus ;  make  CpzzCP^  and  inftead  of  the  power  P,  apply  20. 
a  weight  equal  to  it  at^.  Then  by  Cafe  1,  the  weight  }F  znd 
power/)  will  keep  one  another  in  equilibrio;  and  (by  Cor.  Prop. 
18.)  the  weight  p  and  power  P  will  have  the  fame  eff'ecl  in 
turning  the  leaver  about  its  center,  therefore  the  power  P  and 
weight  Pl^  will  be  in  equilibrio. 

Cor, 
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1  J  G.  ^^^'  I*  ^^  any  fort  of  leaver  iji:htther  ftreight  or  hcnded,  a}id  whe- 

jo.  ther  moveable  about  a  Jhigle  pomt  C,  or  an  axis  AB  ;  or  whether  the 

J  j^  leaver  be  fixed  to  the  axis  and  hcth  together  moveable  about  two  cen- 

12.  ^'•'^•^  ^■^i  ^i  ^^'  '''■■■^^^cver  form  the  havers  have  \  if  AB  be  a  right 

J  T  line^  and  from  the  ends  P,  JV^  there  be  drazvn  Lnes  to  the  center  C, 

14.  ^^  ferpevJiculars  to  the  axis  AB  \  and  if  the  power  and  weight  a5l 

I  c.  perpendicular  to  thefe  lines,  and  be  always  reciprocally  as  thefe  dif" 

J  5^  tances  drawn  to  the  center  C  or  axis  AB ;  tten  they  will  be  in  equi' 
librio. 

J  7.  Cor.  2.  /;/  any  fort  of  leaver  IVCP,  and  in  whatever  dirsuiions  the 

18.  power  and  weight  aoi  on  it ;  if  their  quantities  be  reciprocally  as  the 
perpendiculars  to  their  fevcral  lines  cfdirecficn,  let  fall  from  the  cen- 
ter of  motion,  they  will  be  in  equiiibrio.  Or  they  will  be  in  equilibrio,. 
when  the  weight  multiplitd  by  its  diflance,  and  the  S.  angle  of  its  di~ 
re^fion,  is  equal  to  the  power  r,mltiplied  by  its  dijlance,  and  S.  <  of 
its  direBion.     WxWCx  S.BWC-PX  PCx  S.EPC. 

For  the  power  and  weight  will  be  in  equiiibrio  if  they  be  fup- 
pofed  to  a(Sc  at  E  and  D;  and  by  Ax.  14.  it  is  the  fame  thing 
whether  they  a6t  at  E  and  D,  or  at  P  and  PF.  Alfo  by  trigone- 
metry,  WCxS.V/-DC,  and  PCxS.P-CE. 

Cor.  3.  Hence  univerfally,  if  any  force  be  applied  to  a  leaver^  its' 
effect  in  moving  the  leaver^  will  be  as  thct  fcrce  multiplied  by  the  dif- 
tiince  of  its  line  of  direBicn  from  the  center  of  motion.  Or  the  effect' 
is  as  the  force  x  by  its  dijtancefrom  the  center^  and  by  the  fine  of  the 
angle  of  its  dire^ion^  PxPCxS.P. 

Cor.  4.  If  tzvo  bodies  be  in  equiiibrio  on  the  leaver ,  each  weight  is' 
reciprocally  as  its  diflance  from  the  csntsr. 

Cor.  5.  In  the  fir  eight  leaver  when  the  weight  and  power  are  ifi 
equiiibrio^  and  a^  perpendicularly  on  the  leaver^  or  in  parallel  direc- 
tions \  then  of  thefe  three  the  power,  weight,  and  preffure  upon  the 
.    fulcrum,  any  one  of  them  is  as  the  diflance  of  the  other  two. 

10.         For  if  CP  reprefent  the  weight  J^,  then  ClVmW  reprefent  th^ 

19.  power  P.     And  in   Fig.   10.  C  fuftains  both  the  weights,  and 

20.  thtrefore  the  prtfllire  is  ^P;    and  Fig.  19,  20.   C  fuftains  the 
difference  of  the  weights,  and  therefore  the  preflbre  will  be  fVP. 


PROP. 
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Jf  fever  d  weights  he  fufp  ended  on  a  fir  eight  leaver  AB  •,  and  if  the     21, 
fum  of  the  produ^ls  of  each  weight,  multiplied  by  its  difiancefrom 
the  center  of  motion  C,  on  one  ftd%  he  equal  to  the  fum  of  the  like 
prcdu^s  on  the  other  fide  ;  then  they  will  he  in  equilibria.     And 
the  contrary. 

For  the  force  of  each  weight  to  move  the  leaver  is  as  the  weight 
multiplied  by  the  dillance  (by  Cor.  3.  laft  Prop.)  -,  and  the  lum 
of  the  produds  is  as  the  whole  forces ;  which  if  they  be  equal, 
the  forces  on  both  fides  are  equal,  and  the  leaver  remains  at  reft. 

PROP.     XXI. 

Jf  a  bended  leaver  IVCP  he  kept  in  equilibrio  hy  two  powers,  aSting  ^j. 
in  the  directions  PB,  WA  perpendicular  to  the  ends  of  the  leaver 
C?,  CJV;  and  if  the  lines  of  dire^ion  he  produced  till  they  meet 
in  A,  and  AC  be  drawn,  and  CB  parallel  to  WA.  I  fay  the  power 
P,  the  weight  or  power  W,  and  the  force  aEling  againfi  the  fulcrum 
C;  will  he  refpe lively  as  AB,  BC,  AC  -,  and  in  theje  very  di- 
reBions. 

Draw  CB,  CF  parallel  to  WA,  PA;  then  the  angle  WFC= 
WAP—CBP,  and  the  right  angled  triangles  /FCF  and  BCPsltq 
fimilar;  whence  CF:C5  ::  CJViCP  ::  (byCor.  2.  Prop.  XIX.) 
power  P  :  power  W.  Now  fmce  (by  Ax.  J4.)  it  is  the  lame 
thing  to  what  points  of  the  lines  of  direction  P5,  WF,  the  forces 
P,  W  be  applied  ;  let  us  fuppofe  them  both  to  a6t  at  the  point  of 
interfedion  A;  then  fince  the  point  A  is  a6ted  on  by  two  forces 
which  are  as  CFand  CB,  or  as  AB,2ind  AF-,  and  both  thefeare 
equivalent  to  the  fingle  force  AC  (by  Cor.  2.  Prop.  7.)  There- 
fore the  fulcrum  C  is  aded  on  by  the  force  AC,  and  in  that  di- 
redion,  by  Ax.  ii. 

Cor.  I.  Hence  the  power  P,  the  weight  W,  and  the  freffure  the 
fulcrum  C  fujtains  -,  are  refpeBivcly  as  JVC,  PC,  and  PIV,  That 
is,  any  one  is  as  the  difiance  of  the  other  two. 

For  fmce  the  angles  at  P,  Ware  right ;  CA  is  the  diameter 
of  a  circle  pafTing  through  the  points  A,  P,  C,  W;  therefore 

X?  the 
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J.  ^     the  angle  JVFC-^VACzzACB,   and    the  angle  aVP~CAP -, 
'    therefore  the  triangles  y//^C,  fVCP  are  fimilar  ;  and  AB  :  BC  :: 
WC  :  CP,  and  BC  :  AC  ::  CP  :  Pfr.     Therefore,  ^c, 

Ccr.  2.     In  any  leaver  WCP,  the  Iha  of  diretlion  of  the  powers- 
PIV,  lf^P\  and  of  the  prefjure  on  the  fulcrum  C^  all  tend  to  one  point 

A. 

For  if  not,  the  leaver  would  not  remain  in  equilibrio. 


PROP.     XXIL 

2  3.  If  AB^  CD  he  two  leavers  moveable  about  A  and  C,  and  fome  force 
a5ls  upon  the  end  B  of  the  leaver  AB,  in  a  given  dire^ion  BFt, 
ivhil/i  the  leaver  AB  o^s  upon  CD  at  B.  If  BE  be  drawn  per- 
pendicular to  CB,  and  AE  parallel  to  BF  :  And  if  theft  leavers 
keep  one  another  in  equilibrio.  Then  I  fay^  the  force  in  dire^ion 
BF-,  force  agai}?Ji  DC  in  dire£lion  EB,  and  the  preffure  againjt  the 
center  Ay  are  refpe£Jively  as  AE,  BE,  AB. 

For  fince  (by  Prop.  9.)  the  leaver  AB  afls  upon  BC  at  B,  m 
the  direftion  EB  perpendicular  to  BC -,  and  the  leaver  CD  re- 
ads in  diredion  BE  -,  and  (by  Ax  19.)  the  point  A  is  a6led  on 
in  diredion  BA.  Therefore  the  point  B  is  aded  on  with  three 
forces  i  BF  the  force  applied  at  5,  and  BE  the  re-adion  of  the 
leaver  CD,  and  AB  the  re-adion  of  the  center  A  j  and  AE  is 
parallel  to  BFj  therefore  (by  Prop.  VIII.J  thefe  forces  are  as  AE, 
BE,  and  AB. 

Cor.  If  two  forces  BF,  BE  a  Sling  perpendicular  to  the  leavers 
AB,  DC,  keep  thefe  leavers  in  equilibrio  :  The  force  BE,  force  BF, 
and  preffure  at  A,  are  refpe^ively  as  radius,  Cof  ABD,  and  S.JBD, 

For  then  E/^B  is  a  right-angled  triangle ;  and  thefe  forces  are 
as  BE,  AE,  znd  AB-,  that  is,  as  radius,  S.ABE,  and  S.AEBy 
ihat  is,  as  radius,  Cof.  ABD^  and  S,ABD, 
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PROP.     XXIII. 

1/  JB,  BC  he  two  leavers  moveable  about  the  centers  A  and  C  j  and 
if  the  circles  KB M  and  DBE  be  defcribed  with  the  radii  BC,  BA  j 
and  upon  the  Circle  BM  as  a  bafe^  with  the  generating  circle  DBE, 
the  epicycloid  BNE  be  defcribad ;  and  the  leaver  CB  and  epicycloid 
BNE  be  joined  together  in  that  Vcry  pofition^  fo  as  to  make  but  one 
continued  leaver  CBNE.  And  if  thefe  leavers  CBNE^  and  AB 
move  about  the  centers  C,  A;  fo  that  the  end  D  of  the  leaver  AD  be 
always  in  the  curveof  the  epicycloid  DK\  I  fay.  that  two  equal  and 
contrary  forces  at  D  and  K,  a^ing  perpendicular  to  the  radii  DA^ 
KCy  will  always  keep  thefe  leavers  in  eq^uilibrio. 

For  let  the  leavers  AB,  CBNE  come  into  the  pofition  AD, 
CKDF i  then  fincc  the  epicycloid  KD  is  defcribed  by  the  point 
D,  whilft  the  arch  DB  rolled  upon  the  equal  arch  BK,  there- 
fore the  end  D  of  the  radius  AD  hath  moved  through  an  arch 
BD  equal  to  the  arch  BK,  through  which  K  has  moved.  There- 
fore the  points!),^,  have  equal  velocities  in  any  correfpondent 
places  D,  K.  Therefore  equal  weights  //,  7,  applied  to  the 
circles  DB  and  BMG  will  have  equal  quantities  of  motion  ;  and 
will  therefore  keep  each  other  in  equilibrio,  by  Ax.  9. 

Cor.  I .  Hence  if  one  leaver  AD  move  uniformly  about  the  center 
A,  the  other  CKD  will  alfo  move  uniformly  about  its  center  C.  And 
the  arch  BD  defcribed  by  D  will  be  equal  to  the  arch  BK  defcribed 
hyK, 

Cor.  2.  It  is  the  fame  thing  whether  the  leaver  AB  a 51  againfi 
the  convex  or  concave  fide  of  the  leaver  CKDy  provided  the  end  D 
be  always  in  the  curve  KD. 

Cor.  3.  After  a  like  manner  if  BE  be  an  epicycloid  defcribed  within     q  ^^ 
the  circle  BRM,  by  the  generating  circle  BD.     And  the  leaver  CBE 
be  co-mpounded  of  the  right  line  CB  and  the  epicycloid  BE  ;  then  the 
leavers  CBE  and  AB,  by  equal  forces  a5iing  at  B,  will  keep  one  ano- 
ther in  equilibrio  in  any  -pofition,  as  CKF  and  AD. 

For  when  AB  is  come  to  AD,  and  CBE  to  CKDF;  then  the 
arch  BK  —  arch  BD.  Whence  the  weight  or  forces  adling  at 
the  diftances  CB,  AB^  have  equal  velocities  -,  and  therefore  will 
fuftain  one  another, 

F  2  Cor. 
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^  ^^"  Ccr.  4.  If  EC  he  infinite,  cr  {ivhich  is  ibe  fame  thing)  if  BK  k 
'^^'  a  right  line pcrpriidicuidr  to  AB  ;  then  BE  or  KDF  will  be  the  com- 
r.icn  cydoid.  "Jhireforey  iviilf):  the  point  D  moves  uniformly  about 
the  center  A,  the  point  K  ivill  mcve  uniformly  along  the  right  line  BK^: 
and  ivith  equal  velocities  and  forces  :  'J'he  point  D  in  the  mean  time 
c5iing  upon  the  cycloidal  tooth  KD.  And  any  equal  oppofite  forces 
will  fufiain  one  another. 
27.  In  like  manner^  if  BA  be  infinite^  or  BD  a  right  line  perpendicular 

to  BC\  then  BE  or  DK  will  be  an  epicycloid  generated  by  the  tan- 
gent DB  revolving  on  the  circle  BK.  And  the  velocities  of  K  in  the 
right  line  BK,  a7id  cf  D  in  the  right  line  BD,  will  be  always  equal  : 
A'ld  equal  Jorces  will  be  Juflained  at  By  in  all  pofitions  of  the  leaver 
CKD. 

08.  ^^^-  5*  If  i^^-^  fig^^^  ^/  ^^^  ^^^'^  ^/i  ^^  ^^^  ^^^  of  the  leaver  AB^ 

he  given;  and  the  epicycloid  BE  be  defer ibed  as  before.  And  if  the 
leavers  AB,  CB,  be  mjde  to  revolve  about  their  centers  A,  C;  fo  that 
the  point  B  ahvays  move  in  the  epicycloid  BE  or  KD.  And  if  the 
irah  of  the  extreme  points  cf  the  tooth  he  marked  out  upon  the  plane 
of  the  cyclcidiil  tooth,  as  at  fgggge,  or  at  fnnnne.  And  if  the  part 
fgDdKf  be  cut  away.,  if  the  tooih  be  to  a5l  on  the  concave  fidi  of  the 
epicycloid;  or  JneDdKf,  if  on  the  convex  fide.  Then  if  the  leavers 
revolve  fo  that  the  tooth  move  along  the  curve  gg  or  nn  -,  the  points 
D  and  K  of  the  leavers  AB,  CD,  will  move  with  equal  velocities,  in 
the  arches  BD,  BK,  as  befvre.  For  the  fixed  point  B  in  the  tooth- 
will  iliU.dei'tribe  the  epicycloid. 

^Q  Cor.  6.  If  the  two  epicycloids  BE^  BO  be  defcrihed  upon  BM,  BL 

with  the  generating  circles  BD,  BK;  and  the  leavers  AB,  CB,  re- 
volve about  the  centers  A,C;  fo  that  the  point  B  or  D  of  the  leaver 
AB  move  along  the  epicycloid  BE  or  KDS.  Then  the  point  B  or  Ky 
of  the  leaver  CB,  will  at  the  fame  time  move  along  the  epicycloid  BO 
cr  DKT;  and  the  points  D,  K,  will  defcribe  the  equal  arches  BD, 
BK.  And  therefore  it  is  the  fame  thing,  on  which  leaver  the  cycloidal 
tooth  be  placed.,  or  whether  on  one  or  both. 

For  the  epicycloid  DKT  generated  on  DB,  will  pafs  through 
K,  if  BD  —  BK.  Alfo  the  epicycloid  KDS,  generated  upon  KB, 
will  pafs  throuf^h  D,  when  BK  —  BD. 

S  C  H  O  L. 

24.  '^"^^  leavers  AB,  CB  are  fuppofed  only  to  a6l  upon  one  ano- 

2-.     ther,  below  the  line  AC;    for  was  the  adion  fuppofed  to  be 

continued 
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continued  above  the  line  /fC,  the  point  B  would  no  longer  ad 

on  the  lame,  but  on  a  different  epicycloid  ;,  and  the  equality  ot     24 

25 


motion  would  hold  no  longer. 
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PROP.     XXIV. 

Jn  the  wheel  and  axel,  if  the  power  P  be  to  the  weight  W^  as  the  dia- 
meter of  the  axel  EF  where  the  weight  a5is^  to  the  diameter  of  the 
wheel  AB,  where  the  power  a^s ;  then  the  power  and  weight  will 
he  i?i  equilibrio.     And  the  contrary. 

For  let  AB  be  the  wheel,  CD  the  axel  j  and  fuppofe  the  wheel 
and  axel  to  turn  once  round  ;  then  it  is  plain  the  power  P  will 
have  defcended  a  fpace  equal  to  the  circumference  of  the  wheel ; 
and  the  weight  W  will  have  rifen  a  height  equal  to  the  circum- 
ference of  the  axis.  Therefore,  velocity  of  P,  to  velocity  oi  IV 
::  as  circumference  of  the  wheel,  to  circumference  of  the  axis 
::.  eras  diameter  of  the  wheel,  to  diameter  of  the  axis  ::  that 
is  (by  fuppofition)  as  IV,  to  P.  Therefore  th^  motions  of  P  and 
TV  are  equal ;  and  have  equal  forces  to  move  each  other  j  and 
therefore  (by  Ax,  9.)  will  remain  in  equilibrio. 

This  Prop,  will  appear  otherwife.  For  the  wheel  and  axel 
may  be  reduced  to  a  leaver  of  the  firft  kind  :  For  the  fulcrum 
will  be  in  the  middle  of  the  axis  CD.  Therefore  drawing  lines 
from  the  middle  of  the  axis  to  the  power  and  weight,  parallel 
to  the  horizon  ;  and  the  radius  of  the  wheel  will  be  the  diftance 
of  the  power,  and  the  radius  of  the  axel  the  diitance  of  the 
weight.  And  as  their  radii  are  reciprocally  as  the  weight  and 
power,  therefore  (by  Prop.  XIX.)  they  will  be  in  equilibrio. 
And  thus  the  wheel  and  axel  is  no  more  but  a  perpetual  leaver. 

Cor.  I .  If  the  rope  have  any  fenfthle  thicknefs  -,  then  if  the  power 
P  :  weight  : :  diameter  of  the  axel  -j-  the  diameter  of  the  rope : 
diameter  of  the  wheel  where  the  power  a^s ;  they  will  be  in  equi- 
librio. 

For  the  weight  really  hangs  half  the  thicknefs  of  the  rope, 
beyond  the  axel. 

Cor.  2.  If  the  dire5fion  of  the  power  is  not  a  tan^-snt  to  the  wheel-, 
fuppofe  it  to  a£i  at  D  or  d,   and  let  CA  be  perpendicular  to  the  line     ^  ' 
of  din  awn  •,  then  if  P  \  W  \\  CB  :  CA^  then  they  will  be  in  eqtii- 
liirio^  by  Cor,  2.  Prop.  XIX, 

Cor^ , 


^ 
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^  ^  ^'        Cor.  3.  If  the  wheel  and  axe/,  Aie  cr  hcth  have  teeth-,  then  if  the 
32-      po-wer  P  a^ing  on  the  teeth  at  By  be  to  the  weight  JV  a5fing  on  the 
teeth  at  A  \  as  the  diameter  of  the  axel  at  A,  to  the  diameter  of  the 
ivheel  at  B  •,  then  the  wheel  is  in  equilibrio. 

Cor.  4.  yhui  it  is  the  fame  thing  if  ivflend  of  a  wheel  there  he  only 
fpskes  fixed  in  the  axis,  whofe  length  is  equal  to  the  radius  of  the  wheel: 
And  any  other  equal  force  be  applied  for  a  power ,  injleadofthe  weight 
P. 

Cor.  5.  The  force  of  the  weight  is  increafed  when  one  or  mere 
fpires  of  the  rope  is  folded  about  the  axel.  For  that,  in  effe<5l,  aug- 
ments the  diameter  of  the  axel. 

'  Cor.  6.     It  matters  not  how  low  the  weight  hangs.     For  whilfl 

the  axel  remains  the  fame^  the  refiflance  of  the  weight  remains  the 
fame,  fetting  ajide  the  weight  of  the  rope. 


PROP.     XXV. 

Zl'  Let  NBD,  MBK  be  two  toothed  wheels  in  the  fame  plane ,  and  if  the 
teeth  of  the  wheel  BMbe  the  epicycloids  Be,  kd,  KD,  defcribed  on 
the  hafe  KBM,  with  the  generating  circle  BN,  and  thtje  teeth  all 
equidiflant ;  and  if  B,  d,  D  the  ends  of  the  teeth  of  the  wheet.  NBD 
he  alfo  equidiflant,  and  thefe  d fiances  Bd,  dD  equal  to  Bk,  kK : 
Then,  I  fay,  the  points  of  the  tetth  B,  d,  D.  will  all  a^  together., 
on  the  cycloidal  teeth  BE^kd,  KD,  as  the  wheels  turn  round.  And 
any  points  jD,  iv,  will  move  through  equal  arches  BD,  BK  in  equal 
times. 

Draw  the  radii  AD,  Ad,  CK,  and  Ck  ;  then  AD  and  CKD  may 
be  confidered  as  rwo  leavers  moving  about  A,  C,  and  ading  on 
one  another  in  D:  And  the  fame  oi  Ad,  Ckd,  afting  at  d.  But 
by  the  motion  of  the  wheels  BD,  BK,  fup;  ofe  D  always  to  te 
in  the  epicycloid XDi  then  (Cor.  i. Prop  XXIil.)  will 5D-^^^, 
and  fince  Dd  —  Kk,  therefore  Bd  will  be  zz  Bk,  and  confe- 
quently  (byCor.  i.  Pnp.  XXllI.)  the  point  d  will  be  in  the  ep'- 
cycloid  kd.  And  thus,  if  there  be  never  fo  many  tetth  b,  d, 
D,  i^c.  they  will  always  be  in  the  curves  of  th^  epicycloids 
BEy  kd,  KD,  i^c,  therefore  the  working  teeth  either  ad  all  at 

once 
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once  upon  one  jnoihcr,  or  they  a6t  not  ac  ail.     An',  as  the  ve-    j.  j  j-. 
locitics  of  anv  poinf:  are  eq-  al  m  the  two  wh  ^  Is  BD,  BK,  vvhcn 
only   one  tooth  afts  upon  one,   hey  will  ftill  be  equai,  11  never  lb 
many  ad:  together. 

Cor.  1 .  Hence  equal  weights  or  forces  applied  to  th?.  circim- 
fennces  of  thefe  t-wo  wheels^  a^  a:  5,  anda^ing  cm againli  the  other^ 
zvill  keep  thefe  wheels  in  equilihrio,  Likewife^  it  s  the  fame  thing 
whether  the  wheel  AB  drive  th  wheel  CB,  its  teeth  a5ling  upon  the 
concave  Jtde  of  the  cycloids  \  or  the  wheel  CB  drive  AB^  the  conv.x 
fide  of  the  cycloid  a£iing  againfi  the  teeth  of  AB. 

Cor.  1.  Hence^  infiead  of  the  points  B,  or  the  infinitely  fnall  teeth  ^. 
of  the  wheel  ABD -,  if  am  fort  of  a  tooth  rs  be  placed  at  B ;  and  if 
the  wheels  be  made  to  move  about  fo  that  the  given  point  B  may  de- 
fcribe  the  epicycloid  BE  or  KD,  whilfi  the  track  of  the  extreme  points 
of  the  tooih  IS  marked  out  as  KeDy  KfD  -,  and  thefpace  KeDf  be  cut 
away  -,  and  the  fame  be  done  for  all  the  other  teeth  ^  being  equidiftant 
and  of  the  fame  form  and  bignefs.  Then  if  one  of  thefe  wheels  is  fup- 
pofed  to  drive  ihe  other ^  by  thefe  teeth  running  in  the  fp aces  DfKe; 
I  fay^  the  circumferences  of  thefe  wheels  wiV  move  with  equal  veloci- 
ties,  and  all  the  working  teeth  will  a5l  together.  This  is  evident, 
becaufe  the  points  B^  Dy  will  by  this  motion  defcribe  the  epi- 
cycloids as  before. 

Cor.  3.  If  the  epicycloid  BF  be  defcribed  on  the  hafe  KBH,  with  25. 
the  generating  circle  BD  ;  and  a  portion  of  the  epicycloid  be  placed  at 
equal  diftances  5,  X,  X,  for  teeth  -,  then  the  teeth  of  the  wheel  A 
ailing  againfi  the  cycloidal  teeth.,  will  make  the  motion  equal  in  the 
two  wheels.  Where  we  may  take  as  great  a  portion  of  the  cycloid  as 
we  will ;  and  the  fides  BO.,  LI^  which  a^  not.,  may  be  of  any  figure., 
not  to  hinder  the  motion  of  the  teeth  of  A.  And  it  is  the  fame  thing 
what  part  oftbe  tooth  LO,  the  tooth  G  a^s  againfi. 

Cor.  4.  But  the  teeth  ought  not  to  a£l  upon  one  another  before  they 
arrive  at  the  line  AC,  which  joins  their  centers  And  though  the 
fide  BO  of  the  tooth  may  be  of  any  form  ;  yet  it  is  better  to  make  them 
both  fides  alike ^  which  willferve  to  make  the  wheels  turn  backwards. 
Alfo  a  part  as  pqr  may  be  cut  away  on  the  back  of  every  tooth.,  to 
make  way  for  thofe  of  A.  And  the  more  teeth  that  work  to- 
gether., ihe  better  •,  at  leaft  one  tooth  fhould  always  begin  before  the 
ether  hath  dore  working :  The  teeth  ought  to  be  difpofed  in 
fuch  manner  as  not  to  trouble  or  hinder  one  another.,  before  they 
begin  to  work  j  and  that  there  be  a  convenitnt  length,  depth  and 
5  thicknefs 
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FIG.    thicknefs  given  them,  that  they  may  more  eafily  dijengage  themfelves  •, 
^5,      as  well  asforjireugth. 

PROP.     XXVI. 


^  r       In  a  combinalicn  of  ivbeels  "juith  teeth,  if  the  poiver  P  he  to  the  weight 
"^  JV;   as  the  frodii^  of  the  diamet  rs  of  all  the  axels,  pnions,  or 

trundles ;  to  the  produtl  of  the  diameters  of  all  the  wheels,    they 

will  be  in  equilibrio. 

For  by  Prop.  XXIV. 
The  power  P  acting  at  A:  Force  on  B  ::  diam.  B  :  diam,  J, 
and  force  on  5  or  C  :  force  on  D  ::  diam.  D  :  diam.  C,  and 
force  on  D  or  E  :  weight  IV  zt  F  ::  diam.  F  :  diam.  E. 

Therefore,  ex  equo. 
Power  P  :  weight  IF  ::   produ6t  of  the  diameters  B,  D,  F: 
to  the  produd  of  the  diameters  ^,  C,  E. 

q8.  Cor.  I.  In  a  combination  of  wheels  going  by  cords,  if  the  power 

P  be  to  the  weight  TF,  as  the  produd  of  all  the  diameters  of  the 
axels,  B,  D,  F,  to  the  produd  of  all  the  diameters  of  the  wheels.  A, 
C,  E ;  they  will  he  in  equilibrio. 

For  the  cords  fupply  the  place  of  teeth. 

-g  Cor.  2.  In  any  combination  of  wheels  with  teeth,  if  the  power  P 

he  to  the  weight  W -,  as  the  diameter  of  the  axel  F  where  the  weight 
a5fs,  multiplied  into  the  produH  of  the  teeth  in  each  pinion  or  fpindle, 
is  to  the  diameter  of  the  wheel  A,  where  the  power  a5ls,  multiplied 
by  the  produ5l  of  the  teeth  in  each,  of  the  wheels  {that  the  pinions  a5l_ 
againjt)  ;  the  weight  and  power  will  be  in  equilibrio. 

For  the  number  of  teeth  in  each  wheel  and  pinion  that  aft 
acrainft  one  another,  are  as  the  circumferences  or  as  the  diameters 
of  that  wheel  and  pinion. 

Co.  3.  And  hence  alfo,  if  the  power  be  to  the  weight,  in  a  ratio 
compounded  of  the  diameter  of  the  axel  F,  where  -the  weight  a^s  to 
the  diameter  of  the  wheel  A,  where  the  power  a5is,  and  the  ratio  of 
the  number  of  teeth  in  the  firfi  axel,  (B),  reckoning  from  the  power -, 
to  the  number  of  teeth  in  the  fecond  wheel  (C),  and  of  the  iiumber  of 
teeth  in  the  fecond  axel  (D),  to  the  number  in  the  third  wheel  (E) ; 
mdfo  on  till  the  lafi ;  then  they  will  be  in  equilibrio. 

Cor. 


D 
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Cor.  4.  In  a  combination  of  wheels,  the  number  of  resolutions  of  ^  ^  o, 
she  wheel  F  where  the  weight  atls^  to  the  number  of  revolutions  of    3^« 
the  wheel  A  where  the  power  c.uis.  in  the  fame  time  ;  is  c.s  the  pro- 
^u5l  of  the  teeth  in  the  pinions,  to  the  produ^  of  the  teeth  in  the 
wheels  which  a5l  in  them  ;  or  as  the  product  of  the  diameters  of  the 
■pinions y  to  the  produlJ  of  the  diametirs  of  the  wheels. 

S  C  H  O  L. 

Wheels  with  oblique  teeth  come  under  the  fame  rules ;  but 
as  they  are  related  to  the  fcrew,  we  refer  you  thither  for  a  far« 
iher  account  thereof. 

In  wheels  whofc  teeth  work  together,  they  fhculd  not  encoun- 
ter before  they  come  to  the  line  joining  their  centers  •,  becaufc 
the  rubbing  is  greater  on  that  fide  ;  but  being  paft  the  line,  the 
teeth  flip  eafily  along  one  another,  in  making  their  efcape,  fo 
that  the  fridion  is  very  inconfiderable. 

PROP.    XXVII, 

If  a  power  fuftain  a  weight  by  means  of  a  rope  going  over  a  fixed    q  g, 
pulley  -,  then  the  power  is  equal  to  the  weight.     But  if  the  pulley     xq, 
he  mo'jeabk  together  with  the  weight,  and  the  other  end  of  the 
rope  fixed  j  then  the  pow&r  will  he  but  half  the  weight. 

For  fuppofe  a  horizontal  line  AB  drawn  through  the  center  of 
the  pulley  C\  then  that  line  will  reprefent  a  leaver,  and  (in  Fig, 
39.)  where  the  pulley  is  fixed,  the  center  C  being  kept  immove- 
able, reprefents  the  fulcrum  •,  whilft  the  weight  a6ts  at  5,  and 
the  power  at  A.  And  becaufe  BC—CA,  therefore  (by  Prop. 
XIX.)   the  power  P  is  equal  to  the  weight  IF. 

And  (in  Fig.  46.)  the  fixed  point  B  is  the  fulcrum,  and  the 
weight  afts  at  6,  and  the  power  at  A ;  and  fince  BC  is  half  JB^ 
therefore  (by  Prop.  XIX.)  the  power  at  P  is  half  the  weight  IV, 

Cor.  Hence  allf.xed  pulleys  are  equivalent  to  leavers  of  the  firjl  41. 
kind.  Jnd  they  add  no  new  force  to  the  power,  but  only  ferve  to 
change  the  direction,  and  facilitate  the  motion  of  the  rope  :  But  a 
moveable  pulley  doubles  the  force.  And  if  a  rope  go  over  fever al 
pulleys.  A,  B,  C,  wlofe  blocks  are  all  fixed  ,  the  power  is  neither 
imreafed  nor  diminifhcd, 

G  PRO  P. 


42  MECHANIC    POWERS. 

F  I  a. 

PROP.     XXVIII. 

42.  ^^  ^  combination  of  pulleys  all  drawn  hy  one  running  rope  ;  ff  tf>i 
power  P  be  to  the  weight  fV\  as  i  to  the  number  cf  parts  of  tht 
rope  at  the  moveable  block  A ;  they  will  be  in  squiltbrio. 

For  (by  Ax.  1.8".)  all  the  parts  of  the  rope  m,  Oy «,  r,  j,  /,  zr^ 
are  equally  ftretched  ;  and  the  weight  ^is  fuftained  by  the  num- 
ber ot  ropes  that  a(5t  againft  the  moveable  block  ;  and  the  rope 
V  or  the  power  P  afls  with  the  force  of  one  or  unit.  There- 
fore the  power  is  to  the  weight,  as  1  to  the  number  of  ropes 
pulling  at  the  moveable  block  A. 

Cor.  Hence  the  power  is  to  the  force  by  which  the  immoveable  block- 
JB  is  drawn  ;  as  i  to  the  number  of  ropes  a5l.ing  againjl  that  intr 
moveable  block, 

PROP.    XXIX, 

37.  In  thefcrew,  if  the  power  P  be  to  fhe  weight  JV^  as  the  height  of 
one  thread  {reckoned  according  to  tbe  length  of  the  f crew)  to  tht 
circumference  defcribed  by  one  revolution  of  the  power  -,  then  thej 
will  be  in  eqttilibrio. 

For  the  weight  /T^^  raifes  the  height  of  one  thread,  whilft  the 
power  defcribes  the  circumference  whofe  radius  is  PC.  There* 
fore  the  velocities  of  the  power  and  weight  are  reciprocally  as 
their  quantities  :  Therefore  their  motions  are  equal,  and  they 
are  in  equilibrlo. 

Cor,  1.  In  the  endlefs  or  perpetual  fcrew  ABy  having  one  wormy 
leaf,  or  tooth,  which  drives  the  teeth  of  the  wheel  CD.  If  you 
take  the  dijlance  of  two  threads  in  the  fcrew  AB,  according  to  the 
length  of  the  axis  AB  -,  or  the  dijlance  of  two  teeth  in  the  wheel  CD, 
indire^ion  of  the  circumference.  And  if  a  weight  W  a£t  at  the 
circumference  of  the  wheel  CD.  Then  if  the  power  P  be  to  the 
weight  IV,  as  that  dijlance  (of  the  teeth  or  threads)  to  the  length 
defcribed  by  the  power  P,  in  one  revolution ;  then  they  are  in  equt- 
iibrio. 

For  in  one  revolution  of  P,  the  wheel  DC  with  the  weight  JVy^ 
has  moved  the  diitance  of  one  toothv 


\6' 
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Cor.  2.  /^nd  univerfally,  if  there  be  fever  a!  worms  or  fpiral  leaves,  fig. 
upon  the  axis  AB,  and  the  weight  G  hangs  upon  the  axel  EF.  Then  ^q. 
if  the  power  P,  is  to  the  weight  G  ::  as  the  radius  of  the  axel 
EF  X  manher  of  ivorms  in  AB,  to  AP  x  number  cf  teeth  in  CD* 
Then  the  power  and  weight  arc  in  equilibria.  For  by  Cor.  3.  Prop, 
XXVI.  ifn  be  the  number  ofworms^  then  P  :  G  ::  n  >^  {  EF :  AP 
X  teeth  in  CD. 

Cor.  3.  And  by  reafon  cf  the  obliqu'ty  of  the  teeth,  the  force  aSIing- 
perpendicular  to  the  teeth,  the  lateral  force  perpendicular  to  the  wheels 
and  the  dire 51  force  in  the  plane  of  the  wheel  \  will  be  refpe5lively, 
£is  radius,  the  fine,  and  ccfine  of  the  obliquity  &f  the  teeth. 

For  let  GD  be  the  fide  of  a  tooth  adcd  on  j  GE  parallel  to  ^^ 
the  axis  of  the  wheel,  and  DE  perpendicular  to  it,  or  in  the 
plane  o^'  the  wheel.  Now  if  GD  repr  fcnt  the  force  ading  per- 
pendicular ro  the  rooth.  Tht  n  DE,  GE  will  be  the  forces  afting 
in  the  diredions  GE,  DE^  (by  Cor  1.  Prop.  VIII.)  but  if  GD 
be  radius,  DE  \s  the  fine  of  the  obliquity,  and  GE.  the  cofme^ 

Cor.  4.  In  the  commcn  fcrew  the  kfs  the  d'/iances  of  the  threads 
are,  and  the  longer  the  handle  iSy  the  eaf.er  any  given  weight  is 
moved. 

Cor.  5.  What  is  here  demonflrated,  will  hold  equally  true^  if  the 
wheel  CD  act  upon  another  wheel  with  oblique  teeth^  inflead  of  the: 
worm  AB. 

S  C  H  O  L. 

The  force  of  the  fcrew  refembles  the  force  that  drives  a  body 
up  an  inclined  plane  ;  the  force  adding  parallel  to  the  bafe  of  the 
plane. 

All  things  here  laid  down  relating  to  the  perpetual  fcrew,  do 
fuppofe  that  the  axis  of  the  worm  fpindle  lies  in  the  plane  of 
the  wheel  it  works  in,  and  that  their  axles  are  perpendicular  to 
each  other ;  but  if  they  are  in  oblique  pofition,  and  the  teeth 
cf  one  or  both  alfo  oblique,  they  cannot  work  without  lols  of 
power ;  a  papt  being  loft  proportional  to  the  obliquity. 

If  any  worm  fpindle  contains  one  leaf  or  worm,  then  a  fpin- 
dle of  twice  the  diameter  will  require  two  worms,  and  one  of 
thrice  the  diameter,  three  worms,  &c.   to  work  in   the  fame 
wheel ;  and  the  power  is  beft  eftimated  by  the  rife  or  fall  of  a 
tooth  of  CD  (Fig.  42.)  for  a  revolution  of  the  power  P. 

^^  G  z  P  K  O  P> 
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F  I  C, 

PROP.     XXX. 

45.  Ltt  EFG  be  the  hack  cr  hafe  of  a  wedge  inform  cf  an  ifoceks^  tri- 
angle -,  then  if  the  power  ading  perpendicular  to  the  hack  FG\  is 
to  the  force  or  refinance  a^ing  againji  either  fide,  in  a  dir  eel  ion 
'perpendicular  to  that  fide  •,  as  the  hack  of  the  wedge  FG,  to  either 
of  the  fides  EF,  EG  :  Then  the  wedge  is  in  eqwlibrii,  or,  which 
is  the  fame  thing,  the  power  is  to  the  whole  refinance  againft  bcth 
fides,  ds  the  back  FG,  to  the  f urn  of  thefiides  EF\  EG. 

For  draw  the  axis  ED  perpendicular  to  the  bafe  FG  \  and 
•  CA,  CB  perpendicular  to  the  fides  EF,  EG  ;  then  DC  is  the  di- 
reclion  of  the  power.  And  (by  Prop.  9.)  the  impediment  to 
be  removed,  adls  againft  the  wedge  in  the  directions  AC,  BC ; 
and  therefore  (by  Cor.  i.  Prop.  VIII.)  the  power,  and  the  a6lions 
of  the  impediment,  are  as  PG^  FE,  EG  refpedively,  when  they 
are  in  equilibrio. 

Cor.  I.  The  power  a5li7ig  perpendicular  to  the  hafe,  is  to  the  force 
a^ing  againfi  either  fide,  in  a  direction  parallel  to  the  hafe  FG,  or  per- 
pendicular to  the  axis  DE  -,  as  the  bafe  FG,  to  the  height  ED  :  IVhen 
the  wedge  is  in  equilibrio,  or  the  power  is  to  the  whole  force  againfi 
'hothfiides  (in  dire^ion  parallel  to  FG)  as  the  hack  FG,  to  twice  the 
height  DE. 

For  the  force  EG  may  be  divided  into  the  two  ED,  DG,  (by 
Cor.  3.  Prop.  VII.)  Then  fince  (by  this  Prop.)  EG  is  the  force 
acting  in  diredion  CB  ;  ED  will  be  the  force  adling  in  diredion 
DG. 

Cor.  2.  Thejharper  the  wedge,  or  the  more  acute  its  angle,  the 
tafier  it  will  divide  any  thing  or  overcome  any  refiftance. 


SECT, 


FI  G. 


I  4S    ] 

» 
SECT.     IV. 

TX^  defcent  of  bodies  upon  inclmed planes^  a7id  in 
curve  furf aces,     Aljo  the  motion  of  pendulu?ns, 

PROP.    XXXI. 

Jf  a  heavy  body  W^  he  fulained  upon  an  inclined  -plmit  AC^  by  a 
power  oMing  in  a  dire^ion  -parallel  to  that  plane.     Then 

The  weight  cf  the  body.,  "j    the  length  AC,  4<^' 

The  power  thatfujiains  it,  (   the  height  CB, 

And  its  prejfure  againjl  the  plane:   X  and  the  b-afe  AB, 
Are  refpe£iively,  as  J   ef  the  plane. 

Draw  5D  perpendicular  to  AC;  then  the  force  of  gravity 
tends  perpendicular  to  the  horizon,  cr  parallel  to  CB  ;  and  the 
direction  of  the  power  is  parallel  to  DC;  and  the  prefflire  againft 
the  plane  is  (by  Prop.  IX.)  parallel  x.o  DB.  And  therefore  their 
quantities  are  refpeftively  as  the  three  lines  €B,  CD,  BD,  (by  • 
Prop.  VIII.)  thai  is,  by  fimilar  triangles,  as  ACy  CB,  s^ndAB. 

Cor.  I .  The  weigh,  power,  and  prejfure  on   the  plane,  are  re- 

fpeSlively,    as   radius,  the/me  and   cofine  of  the  planers  elevation, 

Forthe  fides  ofa  triangle  are  as  the  fines  of  the  oppofite  angles. 

Cor.  1.  The  relative  weight  of  a  body,  to  make  it  run  down  an 
inclined  plane,  is  as  the  height  dire ^ly,  and' length  reciprocally, 

BC 

—  •,  or  it  is  as  the  fine  of  the  plane's  elevation. 

Cor.  3.  If  a  cylinder  he  fuftained  upon  an  inclined  plane,  by  a  power     ^j^ 
dravjing  one  end  of  a  rope  parallel  to  the  plane,  whilfi  Jjc  ether  end 
is  fixed.     This  power  is  to  the  weight  of  the  cylinder,  as  half  thi 
height  to  the  length  of  the  plane. 

For  half  the  relative  weii^iu  of  the  cylinder  is  fuflained  by  the 

other  end  of  the  rope  which  is  fixed. 

2  ^  SCIIOL. 
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F  I  C. 

S  C  PI  O  L. 

4^'  If  it  be  required  to  find  the  pofition  of  the  plane  ^C,  whofc 

height  BC  is  given,  lb  that  the  given  weight  JV  mzy  be  raifed 

through  the  length  of  the  plane  AC,  in  the  lead  time  poffible, 

<  by  any  given  power  P,  acting  in  the  direction  DC.  Make^fC  — 

X  -SC,  and  you  have  your  defire. 


PROP.     XXXII. 

.46.      If  a  heavy  body  W he  fujiained  upon  an  inclined -plane  AC,  by  a  power 
aoling  parallel  to  the  horizon.     Then, 

The  weight  of  the  body,  '\   the  bafe  AB, 

The  power  that  fuftains  it,  \    the  height  CB, 

The  prejfure  againjl  the  plane,       f   and  the  length  AC, 
Are  refpe^ively  as  J   of  the  plane. 

For  the  body  is  fuftained  by  three  forces,  the  power,  the 
gravity,  and  re-aflion  of  the  plane  •,  the  weight  is  perpendicular 
to  AB,  the  power  is  perpendicular  to  CB,  and  the  predure  is 
perpendicular  to  AC.  Therefore  (by  Cor  i.  Prop.  VIII.)  theie 
forces  are  as  AB,  CB,  AC. 

Cor.  Hence  the  prejfure  on  the  plane,  the  power,  and  the  weighty 
are  refpe£fivelyi  as  radius,  the  fine  and  cojine  of  the  plane's  elevation. 


PROP.    XXXIII. 
« 

'^°*  If  a  heavy  body  W  he  fujiained  upon  an  inclined  plane  AC,  by  a  power 
49-  P  a5ling  in  any  given  dire5iion  IVP,     And  if  BED  he  let  fall 

perpendicular  on  /FP.     Then, 

Power  P,  '\    DBy 

IVeight  of  the  body  TV,        AB, 

Prefjure  upon  the  plane,  {   AD, 

Will  be  re[pe5lively,  as 

For 
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For  fince  BD  is  perpendicular  to  the  direflion  of  the  power,    ^  '  °'- 
AB  to  the  diredion  of  gravity,  and  JD  to  the  diredtion  of  the     ^^' 
prefTure  on  the  plane.     Therefore  (by  Cor.  i.  Prop.  VIII.)  thefe     ^9' 
forces  will   be  refpeclively  as  BD.  JB,  AD^  wh^n  they  are  in 
equilibrio. 

Cor.  I.  The  power,  weight,  and prejfure  ngainjl  the  plane,  are  re-- 
fpe^ively  as  the  fine  of  the  planes  eUvation^  cofine  of  the  angle  of 
traction  CWP,  and  the  cofine  of  the  angle  of  direSlion  of  the  power 
above  the  horizon. 


The  angle  of  tra£tion  is  the  angle  that  the  diredion  of  the 
power  makes  with  the  plane.  And  in  the  triangle  'ABD,  the 
fides  are  as  the  fines  of  the  oppofite  angles,  where  <  D  —  com- 
plement of  D/FP. 

», 
Cor.  2.  Hence  whether  the  line  ofdire5iton  of  the  power  he  elevated' 
above  or  deprfffed  below  the  plane ;  if  the  angles  oftratiion  be  equal,  equal 
powers  willfii[iain  the  weight  -,  but  thepreffure  is  greater  when  the 
line  of  dire^ion  runs  below  the  plane. 

Cor.  3.  The  power  P  is  leafi  when  the  line  of  dire5iion  is  parallel 
to  the  plane-,  and  infinite  when  perpendicular  to  it-,  andegual  to  the 
weight,  when  perpendicular  to  the  horizon. 

Cor.  4.  If  a  weight  upon  an  inclined  plane  be  in  equilibrio  with'    50. 
another  hanging  freely,  their  perpendicular  velocities  will  be  recipro- 
cally as  their  quantities  of  matter. 

For  let  the  weight  at  ^be  made  to  defcend  to  A,  and  draw 
Wr  perpendicular  to  AE,  and  Wt,  Dv  to  AB  ;  then  the  weight 
P  will  have  afcended  a  height  —  Ar,  which  is  its  perpendicular 
afcent  •,  and  Wt  is  the  perpendicular  defcent  of  ^.  The  figures 
Jrwt  and  AEDv  are  fimilar,  as  are  alfo  the  triangles  AEB,  DvB. 
Whence  m  :  Ar  ::  Dv  :  AE  ::  DB  :  AB  —  (by  this  Prop.) 
P  :^. 

Cor.  5.  And  therefore  if  any  two  bodies  he  in  equilibm  upon  two 
inclined  planes,  their  perpendicular  velocities  will  be  reciprocally  as 
their  quantities  of  matter. 


PROP. 
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F  I  G, 

PROP.     XXXIV. 

Ilefpace  "which  a  body  (defcendin^  from  reji)  dffcrihes  upon  an  in- 
diked  plane,  is  to  the /pace  which  a  buiy  falling  pcrpendicidarly, 
defcribes  in  the  fame  tiuie^  as  the  height  of  the  plane  CBy  to  its 
length  /IC. 

The  force  wherewith  a  body  endeavours  to  defcend  upon  an 
inclined  plane,  is  equal  to  the  power  that  fuftuins  it ;  and  (by 
Prop.  XXXI.)  that  power  is  to  the  weight  of  the  body  asC5  to 
CA.  Therefore  the  body  is  urged  upon  the  plane,  by  an  uni- 
formly accelerating  force,  which  is  to  the  force  of  gravity  asC5 
to  CA.  But  (by  Prop  V.)  the  motion  generated  in  the  fame 
time,  and  in  the  fame  body,  is  as  the  force,  that  is  (nnce  the 
body  is  given)  the  velocity  is  as  the* force.  And  (by  Prop.  HI.) 
the  fpaces  uniformly  defcribed  with  the  lafl:  velocities  will  be  as 
thefe  velocities;  and  (by  Cor.  r.  Prop.  VI.)  thefe  fpaces  are 
double  the  fpaces  defcribed  by  the  accelerating  forces.  There- 
fore the  fpaces  defcribed  on  the  plane  and  in  the  perpendicular, 
are  as  the  laft  velocities,  or  as  the  forces,  that  is  as  CB  to  CA. 

Ccr.  I.  Hence  if  BD  be  let  fill  perpendicular  to  AC  j  then  in  the 
time  a  body  falls  through  the  height  CB  \  another  body.,  defcending 
along  the  inclined  plane^  zoill  run  through  thefpace  CD. 

For  thefe  fpaces  are  as  CA  to  Ci?,,that  is,  as  CB  to  CA  by  fi- 
mllar  triangles. 

Cor.  2 .  ^be  velocity  acquired  upon  an  inclined  plane,  is  to  the 
'velocity  acquired  in  the  fame  time  by  falling  perpendicularly^  as  CB  to 
CA,  or  as  CD  to  CB. 

Cor.  3.  The  fpace  defcribed  by  a  body  moving  down  any  plane  in 
a  given  time.,  is  as  the  fine  of  the  plane's  elevation. 

For  if  CB  be  given,  CD  is  as  the  fine  oiCBD  or  CAB. 

Cor.  4.  The  fpaces  defcribed  by  a  body  defcending  on  any  given 
plane,  are  as  thefquares  of  the  times, 

PROP. 
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^he  time  of  a  hodfs  defcending  through  the  plane  CD,  is  to  the  time     ci, 
of  falling  through  the  perpendicular  height  CE,  as  the  length  of  the 
plane  DC,  to  the  height  CE. 

For  D£,  AB  being  perpendicular  to  CB,  and  BD  to  yfC. 
The  time  of  defcending  through  CD  or  the  perpendcular  CB  : 
time  of  defcending  through  CE  ::  (by  Prop.  XIV.)  s/CB: 
x/CE  ::  CD:  CE. 

Cor.  If  the  body  be  made  to  move  back  again  with  the  velocity 
acquired  in  defcending,  it  will  afcend  to  the  fame  hetght  on  the  plane  y 
mid  in  the  fame  time. 

For  it  will  be  uniformly  retarded  in  afcending;  and  in  all 
points  will  have  the  fame  velocity  in  afcending  as  defcending, 

S  C  H  O  L. 

Since  the  force  by  which  bodies  dcfcend  down  an  inclined 
plane,  is  a  uniformly  accelerative  force  ♦,  therefore  whatever  is 
demonftrated  of  falling  bodies  in  Sedl.  II.  holds  equally  true, 
in  regard  to  the  motion  of  bodies  upon  an  inclined  plane  ;  fub- 
ftituting  the  relative  weight  upon  the  plane,  inftead  of  the  ab- 
folute  weight  of  the  body. 

Hence  therefore  a  body  projefted  on  an  inclined  plane,  will 
defcribe  a  parabola.  And  if  the  velocity  of  projedion  upon 
the  plane,  be  to  the  velocity  of  a  projeftile  in  the  air  -,  as  the 
relative  gravity  on  the  plane,  to  the  abfolute  gravity.  And 
both  projcded  at  the  fame  obliquity ;  the  fame  parabola  will 
be  defcribed  in  both  cafes. 


PROP.     XXXVI. 

A  body  acquires  the  fame  velocity  in  defcending  down  an  tnclned    ^j, 
plane  CD^  as  by  falling  perpendicularly  through  the  height  of  that 
plane  CE. 

For  draw  DB  perpendicular  to  CD,  and  the  bodies  will  de- 
fcend  through  CD,  CB  in  the  fame  time;  then  (by  Cwr.  2. 

pj  Jt'rop, 
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r  I  G.  Prop.  XXXIV.)  velocity  in  D  :  velocity  in  B  ::  CE  CD,  and 
(Cor.  I.  Prop.   XIV.)  velocity  in  B  :  velocity  \n  E  ::   ^/CB  : 

^^'  s/CE  ::  CD  :  CE.  Therefore  velocity  in  D  :  velocity  in  E  :: 
CE  :  CE,  and  therefore  the  velocities  in  D  and  E  are  equal. 

Cor.  J.  A  body  acquires  the  fame  ixelocily  in  falling  from  any 
height.,  whether  it  falls  perpendicularly,  or  down  an  inclined  pla7ie 
of  equal  height. 

Cor.  2.  Hence  the  Vilocitics  acquired  by  heavy  bodies  falling  from 
the  fame  height,  to  the  fame  horizontal  right  line,  on  any  planes 
whatever,  are  equal  among  themfelves. 

Cor.  3.  If  the  velocities  be  equal  at.  any  two  equal  altitudes  D,  E  ; 
they  will  be  equal  at  any  other  two  equal  altitudes  A,  B  :  And  ac- 
quire equal  increases  of  velocity,  in  paffmg  through  EB,  DA  of  equal 

heights. 

Cor.  4.  T^he  velocities  acquired  by  defending  down  any  plants 
whatever,  are  as  the  fquare  roots  of  the  heights. 

PROP,   xxxvir. 

52.  In  a  circle  whofe  diameter  CB  is  perpendicular  to  the  horizon,  a  body 
ilHI  defend  through  any  cord  CD  or  DB,  in  the  fame  time  as  it 
will  defend  perpendicularly  through  the  diar/ieter  CB. 

For  the  angle  at  D  is  right,  therefore  (by  Cor.  1  .Prop.  XXXl  V.) 
the  time  of  dclcending  through  CD  will  be  equal  to  the  time 
of  defcending  perpendicularly  through  CB.  Draw  CE  parallel 
to  DB,  then  will  CE  be  equal  to  DB-,  and  a  body  will  defccnd 
through  the  cords  CE,  DB  in  the  fame  time.  But  the  time  of 
defcending  through  CE  s  the  fane  as  falling  through  the  dia- 
meter. Therefore  the  time  of  defcending  through  any  cord 
CD,  DB,  is  the  fame  as  falling  through  the  diameter  CB. 

Cor.  I.  'The  times  cf  defending  through  all  the  cords  of  a  circle., 
drawn  from,  tit  her  point  C  or  B,  are  cqujl  among  themfelves. 

Cor.  2.  Ibc  velocity  acquired  by  defending  tkrcttgh  any  cord  CD^ 
or  DBy  is  as  the  length  of  the  cord. 

For 
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For  draw  DF  perpendicular  to  C5,  then  CD  ~  s/CBxCF 


FIG. 


and  DB  =  ^CBxBF;  and  (by  Prop.  XXXVI.)  a  body  ac-  52 
quires  the  lame  velocity  in  defcending  through  CD,  as  in  fallino- 
through  C/s  but  this  (by  Cor.  i.  Prop.  XIV.)  is  as  s/CF,  that 
is  as  CD.  Alio  a  body  acquires  the  fame  velocity  throuohZ/5 
as  FB,  and  that  is  as  y/BF,  or  as  DB. 

Ccr.  3.  But  a  body  will  dejcend  fooner  through  the  f mall  arch  cf 
a  circle^  than  through  its  cord  TB. 

For  if  jSG",  FG  be  two  tangents,  then  the  relative  grav'ty 
at  Tin  the  arch  and  cord,  will  (by  Cor.  i.  Prop.  XXXI.)  W  as 
the  fines  of  the  angles  TGO,  TBO,  or  as  BT  and  TO,  or  EG, 
that  is  nearly  as  two  to  one  when  the  arch  is  very  Imall.  And 
the  accelerative  force  in  the  circle  being  double  to  that  in  die 
cord  ;  therefore  the  velocity  will  be  greater  in  the  arch,  and  the 
time  of  defcription  fhorter,  though  their  lengths  are  nearly  the 
fame. 

PROP.     XXXVIIL 

If  a  body  defcends  freely  along  any  curve  furface^  and  another  body     55, 
defc  ends  from  the  fame  height  in  a  perpendicular  right  Lne  ;  their 
velocities  will  be  equal  at  all  equal  altitudes. 

J-^et  a  body  defcend  from  A  towards  C  perpendicular  to  the 
horizon  BC;  and  another  defcend  through  the  curve  furface 
AKB.  Divide  AC  into  an  infinite  number  of  equal  parts,  at 
the  points  Z),  £,  F,  ^c.  to  which  draw  lines  parallel  to  5C, 
interfefling  the  curve  in  /,  K,  G,  &c.  then  the  curve  line  JKB 
will  be  divided  into  an  infinite  number  of  parts,  IK,  KG,  &'c, 
which  may  be  taken  for  right  lines  ;  or  the  curve  furface  into 
an  infinite  number  of  planes,  joining  at/,  K,  G,  ^c. 

Now  if  the  velocities  be  fuppofed  to  be  equal  in  any  corre- 
fpondent  points  as  /  and  Z),  then  (by  Cor.  3.  Prop.  XXXVI.) 
they  will  be  equal  in  K  and  E,  after  the  defcent  through  IK;  and 
being  equal  in  K  and  E,  they  will  alfo  be  equal  in  G  and  F\ 
after  the  defcent  through  KG,  and  fo  on.  Therefore  fince  the 
motion  begins  in  J,  they  will  acquire  equal  velocities  in  de- 
fcending through  the  firft  plane,  and  likewife  through  the  2d, 
3d,  4th,  ^c.  And  therefore  the  velocities  will  be  equal  in  all 
correfpondent  points  /  and  D^  K  and  E,  G  and  F,  ^c.  and  ac 
B  and  C. 

H  2  Cor. 
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Cor.  I .  Therefore  if  a  body  be  fufpoided  by  a  Jlring,  and  by 
^^'  of  dilating  defer  bss  any  curve  '^8\  or  ij  it  is  any  way  forced  to 
move  in  any  polifed^  cnJ  perfeBly  fmootb  furface  AB  \  whiljl  an- 
other body  fcends  or  defends  in  a  right  line.  Then  if  their  velocities 
be  equal  ct  any  one  equal  altitude  j  they  'will  be  equal  at  all  other 
equal  altitudes. 

For  the  fcime  thing  is  cfFcfled  by  the  firing  of  the  pendulous 
body,  as  by  tlie  Imooth  luituce  of  a  pohfbcd  body. 

Cor.  2 .  Hence  a  body  ofcillating  in  any  curve  line  whatever .^  ac- 
quires the  fame  velocity  in  the  curve  \  as  if  it  had  fallen  perpendi- 
cularly from  the  fame  height.  And  therefore  the  velocity  in  any  point 
of  the  curve  ^  is  as  the  Jquare  root  of  the  height  defended. 

Cor.  3.  And  a  body  after  its  defcent  through  any  curve ^  will 
afcend  to  the  fame  height  in  afmilar  and  equal  curve^  or  even  in  any 
curve  vchatever.  And  the  velocities  will  be  equal  at  all  equal  alti- 
tudes. And  the  cfcent  and  defcent  will  he  in  the  fame  time,  if  the 
curves  are  the  fame. 

For  [he  forces  that  generated  the  motion  in  defcending,  will, 
equally  dellroy  it  in  afcending,  and  therefore  they  will  lofe  equal 
velocities  by  afcending  equal  heights.  And  if  the  curves  are 
fimilar  and  equal,  every  particle  of  the  curve  will  be  defcribed 
with  the  fame  velocity,  and  therefore  in  the  fame  time,  whether 
afcending  or  defcending. 

Cor.  4.  This  Prop,  is  equally  true^  whether  the  curve  AKB  be 
in  one  plane  perpendicular  to  the  horizon^  or  in  feveral  planes  IK^. 
KG^  (^c.  winding  about  in  nature  of  afpiral. 


P  R  O  P.     XXXIX. 

54.      '^^^  //w^J  of  defcent  through  two  fimilar  parts  of ftmilar  curves^  <we' 

in  the  fub duplicate  ratio  of  their  lengths .,  ab^  AB. 

Divide  both  curves  into  an  equal  number  of  infinitely  fmall 
parts,  fimilar  to  each  other;  and  let  be,  BC^  be  two  of  them,, 
fimilarly  pofic^d ;  and  draw  r^,  RB,  perpendicular  to  ah,  AH. 
By  Prop.  III.  the  fpace  defcribed  is  as  the  time  and  velocity, 
and  the  limc  of  delcribing  any  fpace,  is  as  the  fpace  dircftly  and 
velocity  reciprocally.  By  Cor.  2.  Prop.  XXXVlll.  the  velocities 

is 
s 
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in  h  and  E  are  as  s/rb  and  ^/RB^  that  is   becaufe  etrbi  ARB  p  i  c 
are  fimilar,  as  \/av  and  s/ AB.     Therefore  the   time   of  de-     54- 

fcribing  he  :  to  time  of  defcribins;  BC  ::   : :: 

°  ""  ^ab       s/AB 

curves  are  fimilarly  divided.  Whence,  bycomporition,thewhole 
time  of  defcribing  ab  :  whole  time  of  delcribing  AB  ::  is  in  the 
fame  given  ratio  of  s/ab  :  y/AB^  or  y/ad  :  \/AD. 

Cor.  I .  Hence  if  two  pendulmns  d^fcribe  fimilar  arches^  the  times 
of  the'tr  "vibrations^  are  as  the  fquare  rods  of  thar  lengths  :  Or  the 
lengths  as  thefquares  of  the  times  of  vibration. 

For  let  hd^  Hd,  be  the  lengths  of  the  pendulums  ;  then  be- 
caufe the  figures  are  fimilar,  it  is  ad  :  AD  ::  hd:  HD. 

Cor.  2.  If  a  pendulum  vibrates  in  a  circle^  the  velocity  in  the 
loweft  pointy  is  as  the  cord  of  the  arch  it  defcribed  in  defending. 

For  (by  Cor.  2.  Prop.  XXXVIII.)  it  acquires  the  fame  velo- 
city in  the  arch  as  in  the  cord  5  and  (by  Cor.  2.  Prop.  XXXVII.) 
the  velocity  in  the  cord,  is  as  the  cord. 

Cor.  2.  ^he  lengths  of  pendulums  vibrating  injimilar  arches,  an 
reciprocally  proportional  to  thefquares  of  the  number  of  thar  vibra- 
tions, in  a  given  time. 

PROP.    XL, 

If  a  pendulum  vibrates  in  a  cycloid^  the  time  of  one  vibration^  is  to     j  j; 
the  time  of  a  hodys  falling  perpendicularly  through  half  the  length 
of  the  pendt.'lum,  as  the  circumference  of  a  circle  to  tSe  diameter. 

Let  ADa  be  the  cycloid,  FD  its  axis,  FGD  the  generating 
circle.  Let  the  body  defcend  from  H,  and  in  vibrating  defcribe 
the  arch  Hdh.  Divide  HD  into  innumerable  fmall  parts,  and 
let  Bb  be  one  of  them.  Through  H,  B,  b,  draw  HMb,  BLy 
hi,  perpendicular  ro  the  axis  FD.  About  the  diameter  MD  de- 
fcribe the  femi-circle  MLD ;  and  from  its  center  ^,  draw  ^L, 
alfo  draw  LP  parallel  to  MD,  and  DE,  DG,  GE. 

The  triangles  CDG,  GDE  are  fimilar,  and  CD  x  DEzzGD\ 
Alfo  the  triangles  ^LN  and  ILP  are  fimilar,  and  NL  :  PL  :: 
^  :  LI,  and  2NI :  Nn  ::  MD  :  LI.  And  fince  by  the  na- 
ture of  the  cycloid,  the  tangent  in  Bis  parallel  to  the  arch  GD, 
therefore  Gg  is  equal  and  parallel  to  Bb. 

Now  fuppofe  a  body  to  defcend  from  E  through  the  inclined 
plane  £/),  fincc  this  is  a  motion  uniformly  accelerated,  therefore 

(by 


55' 
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?  1  G.  (^y  ^^^-  I*  ^^""op.  VI.)  it  would,  in  the  time  of  its  fall,  defcrlbe 
2£D,  with  the  velocity  acquired  in  D.  And  fince  (by  Cor. 
Piop.  HI.)  the  times  are  as  the  fpaces  diredly,  and  velocities 
reciprocally  ^  and  (by  Cor.  2.  Prop.  XXXVIII.)  the  velocities- 
are  as  the  fquare  roots  of  the  heights ;  therefore  it  will   be,  aa 

time  of  defcribins:  ED  :  time  in  Cc  ::  — -^  -  : ^.— ^  :: 


J^ovi^MD  :  ~J^  ::  ly/iMDxMN :  Nn;  by  fimi- 

lar  triangles. 

Again,  when  the  velocity  is  given,  the  time  is  as  the  fpace 
defcnbed.  Therefore  it  will  be,  as  time  in  Cc  :  time  in  Bb  :: 
Cc  :  Bb  or  Gg:\  CD  :  GD  or  ^COxDE  ::  ^CD  :  s/DE  :t 
\/DN  :  \/DM\  by  fimilar  triangles.  Therefore  ex  equo,  time 
in  ED  '.  time  in  Bb  ::  i^^MD  xMi\  y.DN  :  Nris/DM  :: 
CL^MNxDN or  2NL  :  Nn  ::  MD  :  LI.  Therefore,  by  com- 
pofuion  it  is,  as  time  in  ED  :  time  in  the  arch  Hb  ::  MD  :  arch 
Mi.  And  as  the  time  in  ED  :  whole  time  in  HD  ::  MD  : 
fcmi-circumference  MLD. 

And  fince  the  time  of  defcending  through  i/Z)  is  equal  to  the- 
time  of  defcending  through  Dh  :  and  (by  Prop.  XXXVII.)  the 
time  of  defcending  through  ED  is  equal  to  the  time  in  the  di- 
ameter FD.  And  2FD  is  —  DV,  the  length  of  the  pendulum 
(being  the  radius  of  curvature  in  D)  •,  therefore  as  the  time  of 
falling  through  half  the  length  of  the  pendulum  FD  :  time  in 
//D/^,  or  time  of  one  vibration  ::  diameter  iWD  ::  circumference 
^MLD. 

Cor.  I .  Hence  all  vibrations  great  and  fmally  ar-e  -performed  im 
equal  times.  And  in  unequal  arches  the  velocities  generated^  and  the' 
-parts  defcribed,  and  thofe  to  be  dcfcribed,  in  the  fame  tirne^  will  al- 
'ivays  be  as  the  whole  arches  ;  and  in  any  arch  HD^  the  accelerative 
force  at  any  point  J5,  will  be  as  the  length  BD  from  the  bottom. 

For  the  defcent  through  HD  is  always  the  fame,  wherever 
the  point  H  is  taken.  Alio  (by  the  nature  of  the  cycloid)  the 
tangent  at  B  is  parallel  10  GD,  and  BDzziDG.  And  (by  Cor. 
2.  Prop.  XXXI.)  the  relative  weight  on  GD- (which  is  the  ac- 
celerating force  along  GD,  or  the  tangent  at  B)  is  as  ———5,,. 

GD 

.U         •  GD  iGD  BD  T>T^      U  C       777> 

that  is  as  . ,  or  ,  or  as  -;-— ,  or  as  BD,  becaufe  FD' 

FD  hD  FD 

is  given.    Whence  the  accelerating  force  being  always  as  the 

diftance  from  the  bottom,  therefore,  in  any  two  arches,  the  ve- 

2.  locities^. 
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locities  generated  every  moment,  and  the  parts  continually  de-  p  j  g, 
Icribed,  will  be  as  thefe  forces  ;  that  is,  as   the  whole  arches. 
And  confequently  the  fpacesidefcribed,  and  the  velocities  gene- 
rated, in  anytime,  will  be  as  the  whole  arches  -,  and  therefore 
the  parts  to  be  delcribed  will  alio  be  as  the  wholes. 

Cor.  2.  'Tbe  time  of  defcent  in  HB,  to  the  time  of  defcent  in  HDy 
is  as  the  arch  ML^  to  the  fejni-circumference  MLD. 

Cnr.  3.  'The  velocity   of  the  pendulum   in  any  point  B,  is  as 
^DW^^^DB\  or  s/HBxBDh. 

For  (by  Cor.  i.  Prop.  XIV.)  the  fquare  of  the  velocity  in  B 

is  as  MN,  that  is  as  MD-ND,  or  .       ~^'^  or  DH'—DB'  i 

DF 

becaufe  DH—2DE,  and  DBzziGD,  by  the  nature  of  the  cy- 
cloid ',  and  DF  is  given. 

Cor.  4.  If  the  length  of  the  pendulum  VD  he  made  double  the  rQ,, 
axis  FD ;  and  JRV,  arV,  be  two  femi-cycloids  equal  to  AHD^ 
£i7id  fo  placed  that  the  vertex  (as  DJ  be  at  A  and  a.  Then  the  pen- 
dulum VH  vibrating  between  the  cycloidal  cheeks  ARV,  arV ;  the 
point  H  will  dcfcribe  the  cycloid  AHDha  •,  and  the  time  of  its  vi- 
bration will  be  3. 141 6  X  ti^c  of  falling  through  FD,  half  the 
length  of  the  pendulum. 

All  this  follows  from  the  nature  of  the  cycloid. 

Cor.  5.  Hence  alfo  it  appears  from  experhnents  on  pendulums^  that 
at  the  fur  face  of  the  earth,  a  heavy  body  will  defcend  through  afpace 
of  16  Ti  Englifh  feet  nearly.,  in  one  fecond  cf  time. 

For  it  is  found  by  obfervations  upon  clocks,  that  a  pendu- 
lum 39,  13  inches  long,  vibrates  once  in  a  fecond;  therefore 

— ^ —  zz  time  of  a  body's  falling  through  FD  or  i^ll?  inches. 

3.1416  2 

And  confequently  (by  Prop.  XIV.)  the  fpace  fallen  through  in 

one  fecond  will  be-i^-i^  X3.i4i6*i=i93,096  inches  =  16.0913 

2 
feet.    Yet  a  pendulum  vibrating  freely  will  be  fomething  longer 
,  in  vibrating;  than  a  clock,  becaufe  the  palate  wheel  of  the  clock 
adling  againft  ir,  takes  off  fomeihing  from  its  afcent,  and  makes 
it  return  fooner,  or  fhortens  the  time. 

Cor,  6.  Hence  alfo  if  pendulums  of  the  fame  quantity  of  matter  and 

any  lengths.,  be  a^ed  on  by  different  j  or  ces  of  gravity.,  their  lengths  will 

he  as  ihe  forces  of  gravity.,  and  the  fquares  of  the  times  of  zibraiion. 

For  the  times  of  vi'iration  are  m  a  yivea  ratio  r.o  tne  tmies 

of  defcent  through   halt  the  lenj^ths  of  th-  pendulums.     And 

,  (by  Cor.  3.  Prop.  VO  if  the  matter  be  given^  th::  velocity  ge^ 

ncrated 
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FIG.  nerated  in  defcending  bodies  is  as  the  force  and  time  -,  and  (by 
<6.  Prop.  VI.)  the  Ipace  dekendcd  is  as  the  velocity  and  time,  that 
is  as  the  force  and  Iquare  of  the  time.  Therefore  half  the  length 
cf  the  pendulum,  is  as  the  force,  and  fquare  of  the  time  of  de- 
fcending half  its  length  -,  whence  ihe  length  is  as  the  force  and 
fquare  of  the  time  of  vibration. 

Cor.  7.  Frotn  the  motion  of  pendulums  it  alfo  follows^  that  in  any  one 
place^  the  quantity  of  matter  in  any  body  is  proportional  to  its  iveigkt. 

For  it  is  certain  trom  experience  that  pendulums  of  equal 
lenoth,  whatever  quantities  of  matter  they  contain,  vibrate  in 
the  fame  time.  Therefore  they  will  defcend  through  half  the 
lenoth  of  the  pendulum  in  the  fame  time  ;  and  confequently 
u'ould  acquire  equal  velocities  in  the  fame  time  Therefore 
(by  Prop,  v.;  the  velocity  and  time  being  given,  the  quantity 
of  matter  is  as  the  force  of  gravity. 

Cor.  8.  Hence  it  alfo  follows,  th-at  there  are  vacuities  -or  empty 
Jpnces  in  bodies.  For  fince  (by  Cor.  7.)  the  quantity  of  matter 
*^is  as  the  weight  of  the  body,  if  it  were  true  that  there  is  an  ab- 

folute  plenum^  all   bodies  of  the  fame  bulk  muft  be  of  equal 

weight  i  which  is  contrary  to  all  experience. 

PROP.     XLT. 

57«  ^f  ^  pendulum  JT  ofciUates  in  a  circle  TR^y  and  in  the  mean  time 
be  a^ed  on  in  the  fever al  points  T",  hy  a  force  tending  perpejtdi- 
cular  to  the  horizon,  which  is  to  the  uniform  force  of  gravity  j 
as  the  arch  TR,  is  to  the  fine  TN :  The  times  of  all  vibrations 
will  be  equal,  whether  great  or  lefs. 

For  from  any  point  T  draw  TZ  perpendicular  to  the  horizon, 
-and  TT  2i  tangent  to  the  circle  in  T -,  and  let  JT  exprefs  the 
uniform  force  of  gravity,  TZ  the  variable  force  at  T-,  draw 
^2^  perpendicular  to  TT.  Then  the  force  TZ  will  be  refolved 
into  the  two  TT,  TZ.  Of  which  TZy  afting  in  direftion  yt/r, 
does  not  at  all  change  the  motion  of  the  body.  But  the  force 
IT  diredlly  accelerates  its  motion  in  the  circle  TR.  The  tri- 
a^ngles  ATN,  ZTT  are  fimilar,  and  TZ  :  TA  -.  :  TT :  TN ; 
but  (by  fuppofition)  TZ  '.TA  '. :  arch  TR  :  TN ;  therefore 
<j:T  —  arch  TR  :  that  is,  the  force  TI  is  as  the  arch  to  be  de- 
fcribed  TR.  Therefore  if  AT,  At,  be  let  fall  together  from 
the  points  T,  t ;  the  velocities  generated  in  equal  times,  will 
be  as  the  forces  TY,  ty;  that  is,  as  the  arches  TR,  tR,  to  be 
defcribed.  But  the  parts  defcribed  at  the  beginning  of  the  mo- 
tion, are  as  the  velocities  j  that  is,  as  the  wholes  to  be  defcribed 

at 


StaAV.    VIBRATION  OF  PENDULUMS.  57 

«c  the  beginning;  and  therefore  the  parts  which  remain  to  be  p  j  q. 
<Jeicribcd,  and  the  fubiequenc  accelerations  proportional  to  thelc  ^y, 
parts,  are  alio  as  the  wholes,  ^c.  Thererbre  the  velocities  ge- 
nerated, and  the  pares  deicribed  with  thefc  velocities,  and  the 
pans  to  be  defcribed,  are  always  as  the  wholes.  And  therefore 
the  parts  to  be  defcribed,  being  every  where  as  the  velocities 
they  are  defcribed  with,  will  be  defcribed  in  equal  times  and 
vanifti  together ;  that  is,  the  two  bodies  ofcillating  will  arrive 
at  the  perpendicular  JR  together. 

Cor.  I .  Hence  thai  the  vihratlms  in  a  circle  may  he  ifocrmal ; 
the  force  TZtnuJi  he  —  -1—    x  graznty. 

Cor.  2.  Hence  if  a  pendulum  vihrates  by  the  force  of  gravity  only^ 
the  times  of  vibration^  in  very  f mall  different  arches^,  ivill  he  very 
nearly  equal. 

For  in  fmall  arches  the  ratio  of  the  arch  to  the  cord  is  nearly 
a  ratio  of  equality. 

Cor.  3.  But  the  time  of  vibration  in  larger  arches,  is  greater  than 
$he  time  in  lefs  arches  of  a  circle. 

For  the  gravity  at  ^  being  lefs  than  the  ifocronal  force,  the 
body  will  be  longer  in  defcnbing  that  arch. 

Cor.  4.  Hence  alfo  if  a  pendulum  vibrates  in  the  fmall  arch  of  a 
circle,  the  time  of  one  vibration  is  to  the  time  of  a  body's  falling 
through  twice  the  length  of  the  pendulum^  as  half  the  circumference 
of  a  circle  to  the  diameter. 

For  AR  is  the  radius  of  curvature  of  a  cycloid,  whofe  axis 
is  \  AR.  Therefore  the  circle  and  cycloid  coincide  at  i?,  and 
the  fmall  arches  of  both  will  be  defcribed  in  the  fame  time  ; 
that  is,  as  expreffed  by  Prop.  XL.  only  here  we  take  twice  the 
iengthof  the  pendulum  andhalf  the  circumference,  which  comeg 
to  the  fame  thing,  by  Cor.  i.  Prop.  XXXIX. 

S  C  H  O  L. 

In  thefe  propofitions,  the  vibrating  body  is  fuppofed  to  be 
very  fmall,  and  is  therefore  confidered  only  as  a  point.  But  if 
it  be  of  any  determinate  bignefs,  the  point  to  which  the  length 
of  the  pendulum  is  meafured,  is  not  in  the  middle  or  cencer  ot 
gravity  of  the  body  ;  but  in  another  place,  and  is  called  the 
center  of  ofcillation,  as  will  appear  in  the  VI.  Sedion. 

I    .  It 
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F  I  G^  It  has  been  proved,  that  the  fame  pendulum  is  longer  m 
^2,  vibrating  in  a  large  arch  of  a  circle  than  in  a  fmall  one.  And 
k  may  be  computed,  that  if  a  pendulum  vibrates  feconds  in  an 
cx.tremcly  fmall  arch  ;  and  C  be  the  length  of  inches  of  the 
cord  of  any  arch  /?;  then  3  fCC  will  be  the  feconds  loll  in 
£4  hours  by  vibrating  in  the  arch  2/^. 

And  if  a  pendulum  vibrates  feconds  in  an  arch  2<7,  and  c 
be  the  cord  of  a,  or  of  half  the  whole  arch.  Then  3  t  X 
CC—cc  will  be  the  feconds  loft  in  24  hours,  by  vibrating  in  the 
arch,  the  cord  of  whofc  half  is  C. 

Alfo  if  the  bob  of  fuch  a  pendulum  can  be  fcrcwed  up  or 
down  i  and  you  put  «  =  number  of  threads  of  the  fere w  con* 
tained  in  an  inch,  j— time  in  minutes  that  the  clock  gains  or 
lofes  in  24  hours.     Then  it  follows,  by  the  theory  of  pendu- 

lums,  that. .  »y  will  be  the  number  of  threads  or  revolutions 

37 
of  the  nut,  that  the  bob  is  to  be  lee  down  or  raifed  up,  to 
beat  feconds. 


SECT. 
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SECT.     V. 

Of  the  center  of  gravity  ajid  its  properties. 

PROP.    XLII. 

If  a  line  he  drawn  from  the  center  of  gravity  of  a  body  perpendicular 
to  the  horizon  ;  and  this  perpendicular  falls  within  the  bafe  upon 
which  the  body  rejis,  the  body  will  Jiand-,  but  if  it  falls  without 
the  bafe,  it  will  fall  down. 

Case     L 

Let  C  be  the  center  of  gravity,  CD  perpendicular  to  the  ho- 
rizon, falling  within  the  bafe  BEFG  ;  draw  RC^  and  fuppofe 
the  whole  body  fufpended  at  the  point  C-,  then  (by  Def.  12.),  5^* 
the  body  will  be  in  equilibrio,  and  remain  at  reft  upon  DC. 
Now  take  away  DC^  and  fuppofe  the  body  to  be  fupported  only 
upon  the  line  RC,  moveable  about  R  ;  then  (by  Ax.  8.)  the 
b  )dy  ABi  together  with  the  line  RC  will  endeavour  to  defcend 
from  the  pofition  RC  towards  D.  Alfo,  for  the  fame  reafon, 
the  body  and  the  line  CS  will  endeavour  to  defcend  from  the 
pofition  CS  towards  D  ;  but  as  thtfe  two  motions  oppofe  each 
other,  the  body  will  be  luftained  by  the  points  il,  5,  and 
therefore  it  will  ftand.  And  the  fame  is  true  of  every  two 
oppofite  points  7?,  ,S. 

Case     II. 

But  if  CD  fall  without  the  bafe,  then  the  line  RC  and  the  59. 
body  at  C  will  endeavour  to  defcend  towards  D  ;  alio  the  body 
C  and  line  CS  will  endeavour  to  defcend  towards  D  llkewile  ; 
and  as  this  motion  does  not  oppofe  the  other,  there  will  be 
nothing  to  fupport  the  body  j  therefore  it  muft  neceflarily  fall 
towards  D. 

I  2  Cor, 


F  I  G. 
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^  ^  ^'  Cor.  I.  Hence  it  follows,  that  if  the  center  of  gravity  of  a  boJj 
^q.  he  fupportedy  the  whole  body  is  [upper  ted.  And  the  center  of  gravity 
of  the  body  mufi  be  efieemed  the  place  of  the  body.  And  if  it  he 
fujia  ned  by  any  leaver  or  beam^  its  place  is  at  the  point  where  the 
he.m  is  cut  by  a  line  drawn  from  the  center  of  gravity  perpendicular 
to  ihe  horizon. 

Cor.  2 .  All  the  gravity  of  a  body.,  or  the  force  it  endeavours  to 
defcmd  with,  is  col'e£ted  into  the  center  of  gravity -y  and  therefore 
whatever  fu.lains  the  center  of  gravity^  fuftains  the  whole  weight. 
And  the  dtfcent  of  a  body  mufi  he  eflimatedby  the  defcent  of  its  center 
cj  gravity. 

Cor.  3.  Hence  alfo  the  larger  the  bafe  is,  upon  which  a  body 
fiands,  and  the  further  within  it  the  center  of  gravity  lies.,  the 
fi'  mer  the  body  willfland.,  and  the  more  difficult  to  be  removed.  On 
the  contrary  .^  the  lefs  the  bafe.,  or  the  lefs  the  center  of  gravity  falls 
within  it.,  fo  much  the  eafier  it  is  to  be  moved  out  of  its  place. 

60.  Cor.  4..    If  a  body  be  laid  upon  a  plane  GF.,  and  one  end  F  gra- 

dually raifed  up.,  the  body  willflide  down  the  plane.,  if  the  perpen- 
dicular CD  fall  within  the  bafe  5  but  if  it  fall  without.,  it  will 
roll  down. 


PROP.     XLIII. 

)i.  The  common  center  of  gravity  C  of  two  bodies  A,  5,  is  in  the 
right  line  joining  their  centers  of  gravity  •,  and  the  diflance  of 
either  body  from  the  common  center  of  gravity.,  is  reciprocally  as 
the  quantity  cfynatter  in  it. 

Let  A.,  B  be  the  centers  of  gravity  of  A  and  5,  and  fuppofe 
AB  to  be  an  inflexible  right  line,  or  leaver ;  and  C  the  fulcrum. 
Then  if  C  be  the  center  of  gravity  of  the  bodies  A.,  B  ;  thofe 
bodies  (by  def.  12.)  will  be  in  equilibrio.  And  confequently 
(by  Cor.  4.  Prop.  XIX.)  AC  :  CB  ::  B  \  A. 

Cor.  I.  If  there  be  never  fo  many  bodies.,  the  common  center  of 
gravity  ofthemall.,is  in  the  right  line  drawn  from  the  center  of  gravity 
Gf  any  onCy  to  the  common  center  of  gravity  of  all  the  reji  -,  and  it 

divides 
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divides  this  line  inio  two  parts^  reciprocally  as  that  body  to  the  fum    p  j  q. 
of  all  th.  rejt  «/  the  bodies.  ^^   ' 

For  let  D  be  another  body,  and  let  B  and  A  be  placed  in 
C,  then  will  C  :  D  ::    T^E  :  CE.     And  fo  on  for  more  bodies. 

Cor.  2-  If  fever  al  bodies  A.,   5,  D,  £,  i^,  be  in  equilibria  upon  a     62. 
jlre^ght  leaver   iF^  then  the  fulcrum  C  is  at  the  common  center  of 
graviiy  of  all  thofe  bodies. 


PROP.     XLIV. 

If  there  be  fever  al  bodies.  A,  B,  D,  E,  F-,    and  if  any  plane  P^    5 


be  drawn  perpendicular  to  the  horizon  \  the  fum  of  the  products 
of  each  body  multiplied  by  its  diflance  from  that  plane,  if  they  are 
all  on  one  fide  ;  or  their  difference,  if  on  contrary  fides  \  is  equal 
to  the  fum  of  all  the  bodies  multiplied  by  the  diflance  of  their 
common  center  of  gravity  from  that  plane. 

Draw  lines  perpendicular  and  parallel  to  the  plane  P^as  in 
the  fig.  and  let  C  be  the  center  of  gravity.  Then  (by  Cor.  g. 
Prop.  XIX.}  the  force  of  all  the  bodies  to  move  the  plane  P^ 
about  R,     will  be  mBy.  P+oExE-{-rFxF^AkxA—Bly.B. 

Thnjs  dC+RCxD-^eC+RCxE+RC--fCxF—aC—RCx  A 
—bC^^CxB,  or  dCxD+eCxE-fCxF—aCxA—bCxB-h 
RCxD  +  E-{-F-{-A-{-B.  Butbecanfe  C  is  the  center  of  gravity 
of  the  bodies,  therefore  (By  Prop.  XX.)  dCxD  +  eCxE-fCxF 
■^aCxA-\-bCxB  ;  therefore  we  hd^vt  mDxB-\-QExE-\-rFx 
F—AkxA—BlxBzzRCxA^B+D+E+F. 

Cor.  I .  This  Prop,  is  equally  true  for  any  plane  whatever.  For 
fuppofe  the  plane  and  the  bodies  to  be  put  into  any  oblique 
pofition,  all  the  diftances  will  remain  the  fame  as  before. 

Cor.  2.  If  any  plane  be  drawn  through  the  common  center  of  gra- 
vity C,  of  any  number  of  bodies  A,  B,  D,  i^c.  and  each  body  be  mul- 
tiplied ly  the  dijlance  of  its  center  of  gravity  irom  that  plane;  the 
fum  of  the  products  on  each  fide  are  equal :  Ax^^-^BxbC+FxfC 
inDxdC+ExeC. 

For  the  diftance  of  a  body  muft  be  eftimated  by  the  diilance 
of  its  center  of  gravity. 

Cor, 
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^J'^'        Cor.   3.     Hejice  dfo  the  fum  (cr  difference)  of  the  produSfs  of 

^'      each   particle  of  a  body   multiplied  by  its  difiance  from  any  playie 

whatever^  is  equal  to  the  whole  body  multi-plied  by  the  dijiance  of  its 

center  of  gravity  from  that  plane.     And  if  the  plane  pafs  through 

the  center  of  gravity^  the  f urns  of  the  produ^s  on  each  fide  are  equal. 

Ccr.  4.  T^hefnn  of  the  forces  of  a  fyjicm  of  bodies  is  the  very  fame  y 
as  if  all  the  bodies  were  colle£ied  into  their  common  center  of  gravity  y 
and  exerted  their  fever al  forces  there. 

For  the  fum  of  all  the  forces  are  mDxD-{-oExE,  i^c.  or 
RCkA+B^D-^-E+F. 

Cor.  $.  And  the  fame  is  true  of  any  forces  what  ever  ^  with  rega^  d 
to  the  center  of  gravity  of  thofe  forces.  And  therefore  if  feveral 
forces  a5l  in  parallel  due5lions\  the  fum  of  all  thefe  fcrces  will  be 
equivalent  to  one  ftngle  force  \  and  their  common  center  of  gravity^ 
tKe  place  where  it  a£ls. 

80.  Cor.  6.    If  ci  circle  be  defcribed  about  the  center  of  gravity  G,  of  a 

fyflem  of  bodies  yf,  B,  C  •,  and  any  point  S  b:  taken  at  plecfure  in  the 
circumference  -,  then  SA^ x  A-{- SB'xB-\-SC'X C,  is  a  given  quan- 
tity. And  the  fame  holds  true  for  the  fur  face  of  a  fphere^  and  the 
bodies  not  all  in  one  plane. 

For  draw  ^G,  on  which  let  fall  the  perpendiculars  Aa.,  Bby 
Cc.  Then  (by  Eucl.  II.  12,  13.)  SA-xA-\-SB'xB-^SC'-xC~ 
^(j'-^-GA'  +  iSGxGaxA-^SG'+ijB' — iSGxGbxB  +  SG' -^ 

GC-^iSGxGcxC.  But  (by  Cor.  2.)  GaxA-^GbxB-\-Gcx 
CzzOy  and  all  the  reft  are  given  quantities. 


PROP.     XLV. 

64.  If  there  be  feveral  forces  in  one  plane,  aBing  againfl  one  another  in 
the  point  C,  whofe  quantities  and  directions  are  CA,  CB,  CD, 
CEy  CF  •,  and  if  they  keep  one  another  in  equilibria  :  I  fay  C  is 
the  common  center  of  gravity  of  all  the  points  A,  B,  C,  D,  E. 
And  anyone  of  them  as  EC  being  produced,  will  pafs  through  the 
center  of  gravity  G  of  all  the  refi. 


Since 
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Since  all  the  forces  are  in  equilibrio,  the  fum  of  the  forces    V  ^' 
aCling  againft  EC  will  deftrov  its  effefts,   and  aft  againft  it  in     ^' 
the  lame  1  ne  of  diredion. 

Upon  EC  let  fall  the  perpendiculars  Ja,  Bb^  Dd^  Ff.  Then 
any  force  AC  is  divided  into  two  Ja^  aC.  Now  as  the  point 
C  is  in  equilibrio,  all  the  perpendicular  forces  Aa,  Bb,  on  one 
fide,  are  equal  to  all  thofe  Dd,  Ff,  on  the  other,  by  Ax.  1 1. 
i\na  if  the  body  i  be  fuppoied  to  be  fufpended  at  J,  B,  D,  £, 
F.  Then  fince  ,^^X  i +^^X  1  =-C)^X  i +i^/X  1  *,  the  center 
of  gravity  of  the  bodies  /f,  i5,  C,  D,  (and  alfo  of  all  the  bodies) 
is  in  ihe  line  E  \  Again  it  follows  trom  the  equilibrium  of 
the  forces,  that  EC-{-aC—Cl?-{-Cd-i-Cf,  by  Ax.  1 1.  And  there- 
fore if  the  body  i  be  fufpended  at  the  points  £,  a,  d,  b^f-,  Cis 
their  center  of  gravity.  That  is,  C  is  the  center  of  gravity  of 
E,  A,  B,  D,  F. 

Cor.  I.  IfG  be  the  center  of  gravity  of  A,  B,  D,  F ;  then  EC— 
CGx  number  of  points  A,  5,  Z>,  F,     

Itov  EC-Cb+Cd-\-Cf-'Ca-CGxA-\-B-\-D-{-F,  ox ^CG,  by 
Prop.  XLIV. 

Cor.  2.  The  fum  of  all  the  perpendiculars  on  one  fide,  Aa,  Bb 
—  fum  Bd,  Ff,  on  the  other  fide  of  EC.  And  the  fum  ot  their 
diftanccs  C£,  C^,  on  one  fidezzfum  Cdy  Cby  Cf,  on  the  other 
fide  of  C. 


P  R  O  R     XLVI. 

If  a  body  be  a5fed  on  by  feveral  forces  A,  B,  C,  D,  E,  in  the  6^. 
parallel  dire5ii.ns  Aa,  Bb,  i^c.  and  kept  in  eq^iiilibrio  ;  and  if  any 
plane  RN  be  drawn  from  any  point  R :  The  fum  of  the  forces  on  each 
fide  are  equaU  A-\-D—B-\-C+E',  and  the  fum  of  the  products 
on  the  other  fide.,  Ray,A-\-RdxD—RbxB-\-Rcy.C—Rey. 
E;  and  the  contrary  :  Where  any  pre du^  lying  the  contrary  way 
from  R,  mujt  be  taken  negative. 

For  fuppofe  RN  to  be  the  plane,  afted  on  by  thefe  forces ; 
then  (by  Cor.  5.  Prop.  XLIV.)  the  effed  of  the  forces  A  and  D 
ading  at  a  and  dy  is  the  fame  as  if  they  both  adted  at  O,  liieir 

center 
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P  J  ^     center  of  gravity.     And  the  tfTeft  of  5,  C,  E,  afting:  at  <^,  r,  ^, 
^r^      is  the  Tame  as  if  they  ail  aded  at  their  center  of  gravity  •,   which, 
becaufe  the  body  is  unmoved,  is  the  fame  point  O.     AnS  there- 
fore, becaufe  of  the  equilibrium  j  yf+D  — fi  +  C+£,  for  the 
quantity  of  force. 

In  refpeft  to  their  places,  becaufe  0  is  the  center  of  gravity 
of /^  and  D,  as  well  as  of  5,  C,  and  £',  therefor  (hvProp  XLIV  ) 

Rax^+  RdxD-ROy^I+b-ROx'B  +  C+L-Rbx  B-^Rc 
xC — RexE.  And  on  the  contrary,  if  thefe  forces  be  equal, 
the  body  will  be  in  equilibrio,  by  Ax.  9. 

GS,  Cor.  \.  If  a  body  FGIH  be  at  rejl  whilji  it  is  a5lcd  upon  by 

feviral  forces,  in  the  fame  plane,  whofe  quantities  and  directions  are 
pA,  qB,  rCy  sD,  tEy  cutting  any  line  RN  drawn  in  the  body  at  p, 
q,  i^c.  and  the  perpendiculars  Aa,  Bb^i^c.  are  drawn;  then  Ifay^ 
1.  "-The  fum  of  the  perpendicular  jorces  on  each  fide  are  equal,  Aa-\' 
E)dzz  Bb  +  Cc  +  Ee.  2 .  The  funis  of  the  ccntr  cry  forces  in  direElion 
af  the  line  RN  are  fqual,  pa-^  qb-:zi,rc  -^  sd-^te.  3.  'The  fum  of 
the  re5f(mgles  on  each  fide,  from  any  pcint  R^  are  equal,  Rpx  ^'^a  + 
Rs X Ddzz RqxBb  +  RrxCc  +  Rt x Ee.  Bui  ivhere  the  points  lie 
the  contrary  way  from  R,  the  re^  angles  mujl  be  riegatrce.  And  when 
all  theje  are  equal,  the  body  is  at  reft. 

For  fince  it  is  the  lame  thing  whether  any  force  yfadl,  at  A 
at  F,  or  at  p,  we  will  fuppole  it  to  ad  at  p  -,  then  if  the  oblique 
force />^  be  divided  into  the  i\NOpa,  aA\  and  the  fame  for  the 
reO:  :  then  the  fum  of  all  the  forces  pa  muft  be  equal  to  the 
fum  of  all  the  contrary  forces  cr,  by  Ax.  u.  The  reft  follows 
from  this  Prop. 

Cor.  2.  And  if  a  body  be  kept  in  equilibrio  by  fever  al  forces  aHing 
fit  diffrrent -points,  and  in  different  directions,  either  in  ihejame  pLne^ 
cr  in  different  planes  ;  it  willjlill  be  in  equvibrio,  by  the  fame  forces^ 
acting  from  any  one  point,  and  in  dueCiions  refpeClively  parallel  to 
the  former. 

For,  in  the  fame  plane,  the  forces  parallel  and  perpendicular 
to  RN,  will  remain  the  fame  as  before.  And  when  the  direc- 
tions of  any  of  the  forces  arc  out  of  this  plane,  ail  thefe 
extraneous  forces  may  be  reduced  to  others,  one  pare 
adting  in  the  plane,  the  other  perpendicular  to  it  ;  and  both 
thefe  remain  the  fame  in  quantity  as  before.  And  fince  the 
forces  ad ing  in  the  plane,  kept  one  anoiher  in  equilibrio  at  firft, 
they  will  do  the  fame  ftill.  And  as  the  parts  perpendicular  to 
this  plane,  alfo  kept  one  another  in  equihbrio  at  firft,  they  will 

do 
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do  the  fame  when  applied  to  their  common  center  of  gravity 


F  I  G, 


or  to  any  other  point.  55^ 

Cor.  3.  If  federal  forces  a5ling  afur  any  manner  "keep  a  body  un- 
moved y  and  any  plane  whatever  be  drawn  \  and  the  vagrant  forces 
be  all  reduced  to  that  plane  \  then  all  the  per pendicular  forces  on  one 
fide^  are  equal  to  thofe  on  the  others  and  their  centers  of  gravity  fall . 
in  the  fame  point.  When  this  does  not  happen  in  all  planes^  the  body 
will  be  moved  fome  way  or  other. 


PRO  P.     XLVII. 

To  find  the  cmter  of  gravity  ofafyjkm  of  bodies^  Ay  i?,  C. 

Draw  any  plane  ST^  and  from  the  centers  of  gravity  of  all  the  g  - 
bodies,  draw  perpendiculars  to  this  plane,  Aa^  Bb^  Cc  %  then  (by 
Cor.  3.  Prop.  XIX.)  the  forces  of  A,  By  C,  at  the  diftances  A^, 
Bbi  Ccy  from  the  plane,  will  btAxAa,  BxBby  CxCc.  LetG 
be  the  center  of  gravity,  then  the  fum  of  the  forces  Ax  Aa  +  Bx 
Bb+Cx  Cc  muft  be  :ry^+5+CxG>,  the  power  of  all  the  bodies 
fituatedinG  (by  Prop.  XLIV.)  whence  thediftance  of  the  center 

r        •     r         ,       ,         .L  .•   ^         JaxA-i-BbxB  +  CcxC 
of  gravity  from  the  plane,  that  is  Gg  z=, -^ — 1^ — I — -__ : 

A-\-B'\-  C 
where  if  an  of  the  bodies  be  fituate  on  the  other  fide  of  the 
plane,  the  correfpondent  redangles  will  be  negative. 

And  if  the  diftance  be  in  like  manner  found  from  the  plane 
9T,  perpendicular  to  ST,  the  point  G  will  be  determined  by 
making  the  parallelogram  TG  with  the  refpedive  diftances  from 
thofe  planes. 

Cor.  I.  Let  b  be  any  body,  p  any  particle  in  it^  d  its  dijlance  from 

a  given  plane  •,  then  the  dijlance  of  its  center  of  gravity  from  that 

;       .        Sum  of  all  the  dp'' 
plane  is  r: ^ — —^ 


Cor»  2.  To  find  the  center  of  gravity  af  an  irregular  plane  figure, 
Sufpendit  by  the  firing  AEB,  at  E-,  and  draw  the  plumb  line  ECt', 
Then  fufpend  it  by  another  point  of  the  firing  as  D,  and  draw  another 
plumb  line  through  E,  to  interfeSi  CF -,  und  the  point  of  interfe^ion 
is  the  center  of  gravity, 

K  Cor. 
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FIG.        Cor.  3.  To  find  the  center  of  gravity  of  a  flexible  body :  lay  it  upon 
6^,      rf  board  ivhofe  center  cf  gravity  is  known  \  lay  the  center  of  gravity 
of  the  board  upon  the  edge  cf  a  prifm  i  and  lay  the  body  upon  it^  and 
remove  it  back  or  forwards,  till  it  be  in  eqiiilibrio  upon  the  board. 

S  C  H  O  L. 

The  centers  of  gravity  of  feveral  planes  and  folids  have  been 
determined  to  be  as  follows, 
^9'  I.  If  two  lines  be  drawn  from  two  angles  of  a  triangle,  to  the 

middle  of  the  oppofite  fides,  the  point  of  interfedtion  is  the  cen- 
ter of  gravity.  Therefore  the  diftance  of  the  center  of  gravity 
from  the  vertex,  is  4  of  the  line  bifeifting  the  oppofite  fide. 

2.  In  a  Trapezium  ABCD,  the  center  of  gravity  is  found  by 
dividing  it  into  triangles.  Find  H,  G,  the  centers  of  gravity  of 
the  triangles  ADB,  CDB  -,  and  F,  H,  the  centers  of  gravity  of 
ABC,  ADC.  Then  draw  EG,  FH,  to  incerfed  in  O,  the  center 
of  gravity  of  the  Trapezium. 

3.  The  center  of  gravity  of  a,  right  line,  parallelogramy  cylinder, 
2nd  prifm,  is  in  the  middle. 

_  4.  For  the  arch  of  a  circle,  as  -'  arch  :  fine  of  ^-  arch  : :  radius : 
'diftance  of  its  center  of  gravity  from  the  center. 

5.  For  ihefeSicr  of  a  circle,  as  arch  :  cord  ::  4  radius  :  dif- 
tance of  its  center  of  gravity  from  the  center. - 

6.  For  the  parabolic  f pace,  the  difliance  of  the  center  of  gravity 
from  the  vertex  is  4  ot  the  axis. 

7.  In  the  COM  and  pyramid,  the  diftance  of  the  center  of  gra- 
vity from  the  vertex  is  4  of  the  axis. 

8.  In  2i  paraboloid,  i\\t  diftance  of  the  center  of  gravity  from 
the  vertex  is  4  of  the  axis. 

9.  For  thtfcgment  of  a  fphere,  let  r  =:  radios,  x  zz  height  of. 
the  fegment ;  tJie:\  the  diftance  of  the. center  of  gravity  from  the 

8r — 2.V 

vertex  IS   ^x. 

I2r — 4^ 


PROP.     XLVIIL 

if  two  or  more  bodies  move  unifonTily  in  any  given  dire£lions,  their 
common  center  of  gravity  will  either  be  at  reji,  or  move  uniformly^ 


in  a  right  line. 


Cafe: 
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Cafe  I.  Let  one  body  fland  fulll,  and  the  other  move  direfllv  f  i  g. 
CO  or  from  it  in  a  right  line.  Then  fince  the  center  of  gravity  ^ 
divides  the  diftance,  in  a  given  ratio  •,  and  the  diftance  incrcafes 
uniformly,  therefore  that  center  moves  uniforn^ly.  Now  fup- 
pofe  the  other  body  likewife  to  move  in  the  lame  right  line,  and 
any  quantity  ot  fpace  to  move  along  with  it  j  then  fince  the  body 
is  relatively  at  relt  in  this  fpace,  the  center  of  gravity,  in  regard 
to  that  fpace,  m.oves  uniformly  \  to  which  adding  or  fubcrading 
the  uniform  motion  of  that  fpace ;  the  center  of  gravity  will 
(till  move  uniformly. 

Cafe  z.  Let  the  bodies  rrove  in  one  plane,  in  the  dire«5l!ons  ^q, 
Dii,  AB.  Produce  their  lines  of  direction  till  they  meet  in  D. 
And  when  one  body  is  in  D  and  £,  let  the  ocher  be  in  A  and  B 
relpedlively.  Let  H  be  their  center  of  gravity,  when  in  i)  and  . 
y/,  and  X  when  in  E  and  B,  and  draw  HK,  and  make  BP—AD^ 
and  draw  £P,  and  KL  parallel  to  ^^5.  Then  BE  is  to  .iB  or 
DP  in  the  given  ratio  ot  the  motion  of  the  bodies ;  and  fince  the 
<  EBP  is  given,  therefore  all  the  angles  of  the  triangle  EBP 
are  given,  and  DP  will  be  to  PE  in  a  given  ratio.  But 
by  fimilar  triangles  PE  is  to  PL  in  the  given  ratio  oi  BE  to  BK^ 
by  the  property  of  the  center  of  gravity  :  therefore  BP  is  to  PL 
in  a  given  ratio.  And  all  the  angles  in  the  triangle  BPL  are 
given,  and  therefore  the  angle  PBL.  Therefore  the  point  L  is 
always  in  the  line  BL  given  in  pofnion.  And  by  the  nature  of 
the  center  of  gravity,  D^ :  D//:  :  EB  :  EK  :  :  PB  or  B/l:  LK. 
Therefore  BH  —  LK,  whence  BHKL  is  a  parallelogram,  and 
HK  parallel  to  BL,  and  therefore  the  angle  BHK\%  given;  and 
the  center  of  gravity  K  is  always  in  the  right  line  HK  given  by 
pofition.  And  becaufe  all  the  angles  of  the  triangles  BPT-^,  and 
BLE  are  given;  therefore  the  lines  DP,  BE,  BL,  that  is,  AB, 
BEj  Hi^  are  in  a  given  ratio;  and  confequently  the  point  K 
moves  uniformly  along  the  right  line  HK.  And  the  demonllra- 
tion  is  in  the  fame  manner,  if  one  of  the  bodies  B  moves  from 
B  towards  A. 

Cafe  3.  Let  the  paths  of  the  bodies  AB,  BE  be  in  different  71. 
planes.  Through  the  path  AB  draw  a  plane  Bde  parallel  to  the 
path  BE,  and  through  BE  draw  the  plane  BdeE  perpendicular 
to  Bde,  produce  AB  to  d,  and  let  Bd,  Ee  be  perpendicular  to  de. 
Then  the  planes  BdA,  EeB  will  be  perpendicular  to  the  plane 
edB.  Let  one  body  be  in  y^and  B,  when  the  other  is  in  B  and 
E  refpectively.     Now  if  the  body  at  D  were  to  move  in  de,  then 

K  2  i^y 
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F  I  G.  by  Cafe  2d,  the  center  of  gravity  would  move  uniformly  along 
fj\.  fome  right  line  liK\  through  HK  ered  tfie  plane  UKkh  perpen- 
dicular 10  HBK.  Then  by  fimilar  triangles,  and  the  nature  of 
the  center  of  gravity,  Ah'.hDw  {AH :  Hd  ::BK:Ke: :)  Bk :  kE. 
And  M'  is  the  path  of  the  center  of  gravity  of  the  bodies 
moving  in  JB,  DE.  Likewile  Dd  :  Hb  :  :  Ad  :  AH :  :  bE  : 
BK  :  :  eE  or  Dd  :  Kk  -,  therefore  Hh  —  Kk,  and  kk  is  equal  and 
parallel  loHk  •,  therefore  the  centerof  gravity  of  the  bodies  (moving 
in  ABy  DE)  moves  uniformly  through  the  right  line  hk, 

Cnfe  4,  The  common  centerof  gravity  of  two  bodies,  and  a 
third  is  either  at  reft,  or  moves  uniformly  in  a  right  line  ;  tor 
thefe  two  may  be  put  into  the  place  of  their  center  of  gravity, 
which  before  moved  uniformly  -,  and  then  the  center  of  gravity 
of  the  three  will  move  uniformly.  Likewifc  the  common  center 
of  gravity  of  three  bodies  and  a  fourth,  will  move  uniformly  in 
a  right  line  J  and  fo  on. 


PROP.     XLIX. 

^hc  cmimon  center  of  gravity  of  tivo  or  more  bodies^  does  not  change  ■ 
its  jt ate  of  motion  or  rejl^  by  any  aoiions  of  the  bodies  among  them' 
f elves  ^  or  by  any  forces  they  exert  upon  one  another. 

Suppofe  any  fpace  in  which  the  bodies  are  inclofed,  to  move- 
uniformly  along  with  the  centerof  gravity  of  the  bodies,  be- 
fore the  actions  of  the  bodies  upon  one  another  •,  then  lat  cen- 
ter of  gravity  is  at  reft  in  that  fpace.  Now,  if  two  bodies  mu- 
tually a(5l  upon  one  another,  fmce  their  diftances  from  their  center 
of  gravity  are  reciprocally  as  the  bodies  \  and  as  aflion  and  re- 
action are  equal,  the  bodies  will  approach  or  recede  from  that: 
center  by  ipaces  which  are  in  the  fame  ratio  •,  therefore  the  cen- 
ter of  gravity  will  ftill  remain  at  reft.  And  in  a  fyftem  of  feveral 
bodies,  becaufc  the  common  center  of  gravity  of  any  two  afling 
mutually  upon  each  other,  is  at  reft:  and  the  adions  of  ail  the 
bodies  being  the  fum  of  the  adions  of  every  two,  it  is  evident  the 
center  of  gravity  of  all  the  bodies  remains  the  fame,  as  if  they 
did  not  a6t  at  all  upon  one  another  ;  and  therefore  is  at  reft  in 
this  fpace,  or  moves  uniformly  forward  along  wiih  it. 

Or*. 


F  I  G. 
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Cor.  I .  H^nce  if  a  hdy  he  projeEled  into  free  fpaccy  if  it  have  any 
circular  motion^  this  motion  will  be  performed  uniformly  about  an 
axis  paffing  through  the  center  of  gravity. 

For  if  every  particle  of  the  body  retained  the  diftiniSl  motioa 
firfi:  imprefTed  on  it  \  the  common  center  of  gravity  of  the  whole 
would  move  in  a  right  line,  by  the  laft  Prop.  And  fince  the 
cohefion  of  .the  parts  of  the  body  retains  the  particles  in  one 
mafs,  therefore  (by  this  Prop.)  the  motion  of  the  center  of 
gravity  is  not  altered.  Which  it  would  be  if  the  axis  of  circular 
motion  did  not  pafs  through  the  center  of  gravity,  but  through 
fome  other  point* 

Cor.  2 .  And  if  a  body  be  hurled  into  the  air,  its  center  of  gravity 
mil  either  move  in  a  right  line,  or  defcribe  a  parabola  ;  whilfi  that 
body  revolves  about  an  axis  paffing  through  the  center  of  gravity  .^  if  it 
have  any  circular  motion^ 


PROP.    L. 

^kefum  cf  the  motions  of  fever  al  bodies  in  any  given  dire^ion^  is  the' 
fame  as  the  motion  of  all  the  bodies  in  the  fame  dire^ion,  moved 
with  the  velocity  of  their  common  center  of  gravity^ 

Let  the  bodies,  J,  B,  move  round  the  center  of  gravity  C  at  72, 
left,  to  the  places  a^  b  -,  draw  jBC/f,  bCa.  Then  fince  A  :  B  ',1 
BC  t  AC  ::  be  :  ac  -,  therefore  the  triangles  ACa.,  BCb,  are  fimi- 
lar,  and  <bB€zz.CAa,  therefore  Bb  is  parallel  to  Aa,  and  the 
bodies  move  in  contrary  diredlions.  Alfo  fince  Aa  :  Bb  : :  AC  : 
CB  :  :B  :  A,  orAaxA—BbxB.  Therefore  the  m.otionsof  4,  iT, 
in  contrary  directions  are  equal,  or  their  motion  the  fame  way 
is  o.  Now  let  the  fpace  and  bodies  moving  in  it,  be  moved  in 
any  dire(5lion  with  any  velocity  v;  it  is  manifeft,  the  motion  of 
each  body  in  that  direction  will  be  greater  than  before,  by  the 
quantity  of  matter  x  velocity.  Therefore  the  fum  of  the  mo- 
tions is  now  vA-\-vB  or  vxA+B,  that  is  equal  to  the  fum  of 
the  bodies  x  velocity  of  the  center  of  gravity. 

After  the  fame  manner,  the  motion  of  three  bodies  is  the  fame 
as  the  motion  of  two  of  them,  moved  with  the  velocity  of  their 
common  center  of  gravity,   together  with  the  motion  of  the 

third  5- 
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third  i  that  is  (by  what  has  been  fhown)  equal  to  the  fum  of  all 
*"  ^  ^'    the  three,  moved-  with  the  velocity  of  the  center  of  gravity  of 
72.      ail  the  three.     And  fo  for  more  bodies. 

Cor.  The  center  of  gravity  of  a  body  mujl  he  taken  for  the  place  of 
the  body.  And  the  motion  of  any  body,  or  ofanyfyjiem  of  bodies  ^  muft 
be  epinated  by  the  motion  of  the  center  of  gravity. 


PRO  P.     LI. 

[j  two  iveights  on  any  machine  keep  one  another  in  equilibria,  if  they 
be  any  how  raifed  or  moved  by  help  of  the  machine,  the  center  of 
gravity  of  the  weight  and  power.,  will  always  be  in  the  fame  hori- 
zontal right  line. 

For  in  the  leaver,  the  center  of  gravity  is  at  the  fulcrum, 
and  therefore  it  neither  afcends  nor  defcends.  in  the  wheel  and 
axel,  and  in  the  pulley  or  any  combination  of  pulleys,  the 
weight  and  power  approach  or  recede  from  each  other,  by  fpaces 
which  are  reciprocally  as  the  bodies;  and  therefore  their  center 
of  gravity  is  at  reft.  And  upon  any  inclined  plane,  the  perpen- 
dicular velocities  of  the  power  and  weight  (by  Cor.  4.  Prop. 
XXXIII.)  are  reciprocally  as  their  quantities  :  and  the  diftance 
of  the  center  of  gravity  from  each,  being  in  the  fame  ratio,  is 
alfo  at  reft.  And  univerfally  in  any  combination  of  thefe,  cr  any 
machine  whatever,  where  the  equilibrium  continues  ;  the  afcent 
and  defcent  of  the  power  and  weight  being  reciprocally  as  their 
quantities  J  the  center  of  gravity  neither  afcends  nor  defcends. 


PROP.     LIL 

73,  If  a  heavy  body  AB  be  fufpended  by  two  ropes  AC,  BB ;  a  right  line 
perpendicular  to  the  horizon,  paffmg  through  the  interfe^ion  F,  of 
the  ropes,  will  alfo  pafs  through  the  center  of  gravity  G,  of  the 
body. 

For  continue  the  lines  AC,  BD  to  F ;  then  it  is  the  fame 
thing  whether  the  lines  that  fuftain  the  body,  ad  at  C  and  Z), 

or 
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or  at  F,  rn  the  famcdiredlions ;  fuppofe  therefore  that  the  body  p  j  q^ 
AFB  is  fufpended  at  F;  then  fince  (by  Ax.  7.)  the  body  will  -_  * 
defcend  as  low  as  it  can  get-,  ^nd  (by  Cor.  Prop.  L.)  the  cen- 
ter of  crravity  mull  be  taken  for  the  place  of  the  body  ;  there- 
fore the  center  of  gravity  G  will  be  in  the  line  FG  perpendicular 
to  the  horizon.  And  it  is  the  fame  thing  \i  AC,  BD,  interfedt 
in  3  point  F  below  the  body  -,  for  the  body  cannot  be  fupported 
except  the  center  of  gravity  G  be  in  the  perpendicular  GF. 

Cor.  Hence,  if  GN  he  4rawn  parallel  to  AC,  the  weight  of  the 
lody,  the  forces  a^ing  at  C  and  D,  are  refpeclively  as  FG,  GN,  and 
FN',  or  as  the  fines  of  the  angles  AFB,  GFB,  and  GFA. 

Cor.  2.  The  lines  AC,  DB  and  FG,  are  all  in  one  plane  perpendi' 
ciilar  to  the  horizon. 

Cor.  3.  If  the  center  of  gravity  fall  not  in  the  line  FG,  the  lody 
will  not  reft  till  it  fall  in  that  line. 


PROP.     LIII. 

If  any  body  whatever,  as  BC,  or  any  beam  loaded  with  a  weight,  be    •74; 

'  fupported  by  two  planes  AB,  CD,  at  C  and  B  -,  and  from  the  points 
C,  B,  the  lines  CF,  BF,  be  drawn  perpendicular  to  thefe  planes -,  and 
from  the  inter fe^lion  F,  the  line  FH  be  drawn  perpendicular  to  the 
horizon,  it  will  pafs  through  the  center  of  gravity  G,  of  the  body. 

For  fince  the  body  is  fuftained  by  the  planes  at  B,  C,  and 
thefe  planes  re-a6t  againft  the  body  in  the  perpendicular  direc- 
tions BF^  CF  \  therefore  it  is  the  fame  thing  as  if  the  body  was 
fufiaincd  by  the  two  ropes  BF,  CF;  and  conlequently  (by  Prop, 
laft)  F/f  will  pafs  through  G  the  center  of  gravity  of  the  whole 
weight. 

Cor.  I.  If  EG  be  drawn  parallePto  CF,  then  the  whole  weigh f^ 
the  prcffure  upon  the  planes  CD,  AB ;  are  refpeclively  as  FG,  EG,. 
EF ;  and  in  thefe  very  directions  j  or  as  the  fines  of  the  angles  BFCy 
BFG,  and  CFG. 

Cor,  2.  If  the  line  FG  drawn  (from  the  int  erf eClion  of  the  perpen- 
diculars FC,  FB)  perpendicular  to  the  horizon,  does  not  paj's  through 
the  center  of  gravity,  the  b  dy  will  not  be  fuftaincd,  but  will  move- 
till  the  center  of  gravity  fall  in  that  line. 

i  Cor. 
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FIG.        Cor.  3.  Hence  if  the  yofition  cf  one  plane  CD  be  given,   and  the 

-4.'  fcfition  of  the  body  CB,    nd  its  center  of  gravity  G,    Tie  pcfition  of 

^        the  ether  plane  AB  may  i '.  found,  by  which  the  body  will  be  Juppvrted  ; 

by  drawing  CF  perpendicular  to  CD,  and  GF  perpendictiL:r  to  the 

horizon  ;  and  from  F  drawing  FB ;  then  BA  perpendicuUr  to  it,  is 

the  other  plane. 

S  C  H  O  L. 

Some  people  have  obiecled  againft  the  truth  of  the  two  laft 
Propofitions,  as  well  as  fome  others,  though  demonOrably 
proved.  But  this  ariOj'^  only  from  their  own  ignorance  of  the 
principles.  They  that  huve  a  mmd  may  fee  this  very  Fropo- 
fition  dt-monftrated  five  or  fix  different  ways  in  Prop.  XXIX.^ 
of  the  fmall  Trcatife  of  Mechanics,  published  in  Vol.  Vli.  of 
the  Cyclomathefis. 

PROP.     LIV. 

7  J.  If  a  heavy  body  HD,  whofe  center  of  gravity  is  C,  befiiflaimd  by 
three  forces  ^,  5,  C,  in  one  plane,  ailing  in  directions  AH,  BU 
CD.  And  if  FGP  be  drawn  perpendicular  to  the  horizon,  and  CD 
produced  to  cut  it  in  P  ;  and  if  AH,  B I  produced,  interfe^  in  0  ; 
then  if  OP  be  drawn  -,  and  if  EP,  OF,  be  drawn  parallel  to  AO, 
PC  ',  then  I  fay  the  weight  of  the  body,  the  three  forces  A,  B,  C, 
are  refps5lively  as  FP,  EPj  EO,  OF. 

Becaufe  the  line  OP  is  unmoved,  the  point  0  is  fuftained  by 
three  forces  in  direflions  OP,  OA,  OB  -,  which  therefore,  are  as 
the  lines  OP,  EP,  OE.  Alfo  the  point  P  is  fuftained  by  three 
forces  in  the  diredions  PO,  PC,  GP  ;  which  therefore,  are  as 
the  lines  OP,  OF,  FP  :  of  which  that  in  diredion  FP  is  the 
weight  of  the  body,  at  G  the  center  of  gravity.  And  the  forces 
at  0  and  P,  in  the  dircdion  OP  and  PO,  are  equal  and  contrary. 

Cor.  Hence  if  any  othe'  forH  in/lead  of  the  weight  aEf  at  G,  in 
direaion  GP -,  then  the  forces  at  P,  A,  B,  C,  will  he  refpeCiively  as 
FP,  EP,  EO,  OF, 

S  C  H  O  L. 

If  one  of  the  forces  be  given,  all  the  reft  may  be  found,  if 
they  a6t  two  and  two  at  different  points  O,  P.  But  if  five  forces 
ad  in  one  plane,  two  of  them  miuft  be  given. 

P  R  ©  P. 
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FIG. 


If  EBDF  be  any  prifmatic  folid  ere5led  upon  a  plane  AB  ;  and  if    ^5, 
it  be  cut  by  any  plane  AGH.     I  fay  the  furface,  or  f olid  GBDH, 
cut  off  by  this  plane.,  is  refpe5iively  equal  to  the  fur  face  or  folid 
EBDF,  whofe  altitude  is  CI,  the  line  paffing  through  the  center 
of  gravity  of  the  bafe,  and  par  al Id  to  the  axis  of  the  folid. 

I  (hall  not  dcmonftrate  this  geometrically  by  meafuring,  but 
mechanically  by  weighing  them.  Suppofe  the  periphery,  or  the 
bafe,  BD,  to  be  divided  into  an  infinite  number  of  equal  parts, 
by  planes  perpendicular  to  the  horizon,  and  parallel  to  the  axis 
of  the  folid,  and  to  one  another.  And  imagine  AD  to  be  a 
leaver,  and  let  each  particle  be  placed  on  JD  where  its  plane 
cuts  it.  Then  fince  the  force  of  any  particle  to  move  the  leaver 
AD,  is  as  that  particle  multiplied  by  its  diftance  from  A,  (by 
Cor.  3.  Prop.  XIX. )  Therefore  the  forces  of  the  equal  particles 
at  B,  C,  D,^c.  will  be  as  AB,  AC,  AD,  &c.  and  the  fum  of  all, 
as  the  fum  of  thefe  lines.  And  bccaufe  C  is  the  center  of  gra- 
vity of  all  the  particles.  Therefore  the  fum  of  all,  AB,  AC, 
AD,  &c.  —  fum  of  as  many  times  AC;  that  is,  (becau'^e  the 
parts  of  the  bafe  are  given)  z=  ^Cxbafe.  But  GB,  IC,  HD, 
^c.  are  as  AB,  AC,  AD.  Therefore  all  the  GS's,  ICs,HD's,&c. 
=  whole  bafe  x  IC.  That  is  the  whole  furface  or  folid  GBDH 
—  whole  furface  or  folid  BEFD. 

Cor.  r.  If  a  line  right  or  curve,  or  any  plain  figure  whether  ri^ht- 
lined  or  curve-lined,  revolve  about  an  axis  in  the  plane  of  thefigur:  ; 
the  furface  or  folid  generated,  is  refpe^fively  equal  to  the  furfac-  or 
folid,  whofe  bafe  is  the  line  or  figure  given^  and  height  equa'l  to  the 
arch  defcribed  by  the  center  of  gravity. 

Let  BDdb  be  the  figure  generated.  On  the  bafe  BCD  erect  ^j^ 
the  furface  or  folid  BDFE,  and  let  C  be  the  center  of  gravirv. 
Since  the  arches  Bb,  Cc,  Dd,  are  as  the  radii,  AB,  AC,  AD,  that 
is  as  BG,  CI,  DH :  therefore  if  C/ziCc,  then  will  all  the  lines 
BG,  CI,  DH,  &c.  —  all  the  arches  Bb,  Cc,  Dd,  ^c.  that  is,  rhe 
furface  or  folid  ^D^^  =  BDHG,  that  is  (by  this  Prop  )  —BDFE. 

Cor.  2 .  Alfo  if  a  curve  revolves  about  any  right  line  drawn  thrrugb 
its  center  of  gravity  :  the  furf aces  generated  (either  by  a  partial  or 
total  revolution)  on  op prfite fides  of  the  line^  will  be  equal. 

L  For 
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_  J  Q^  For  by  Cor.  2.  Prop.  XLIV.  each  part  of  the  curve  multi- 
*  plied  by  the  diftance  of  its  center  of  gravity  from  this  line,  mud 
'' '  be  equal  on  both  fides.  And  by  Cor.  2.  each  furface  generated, 
is  equal  to  the  curve  multiplied  by  the  arch  dcfcribed  at  that 
diftance  ;  and  thefe  arches  (being  fimilar)  are  as  thefe  diftances. 
Whence  each  furface  is  as  the  curve  multiplied  by  the  diftance 
of  its  center  of  gravity :  and  therefore  they  are  equal. 
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SECT.       VI 

Of  the  centers  of  percujfioij^  ofdUation^  a7td  gy- 

ratmi. 


PROP.     LVL 


r  I  cr. 


Let  there  he  any  fy ft  em  of  bodies  A^  B,  C,  confidiend  without  weighty  „g 
and  moveable  about  an  axis  paffing  through  S  ;  and  if  any  force  f 
can  generate  the  abfolute  motion  m  in  a  given  time;  if  the  fame 
force  aSi  at  P,  perpendicular  to  PS  j  the  motion  generated  in  the 
fyftem^  in  the  fame  time,  revolving  about  the  axis  at  S,  will  be 
AxSA+BxSB+CxSC       p 

AxSA'--{-BxSB'-^CxSC-  ' 

For  fuppofe  PS  perpendicular  to  the  axis  at  S,  and  to  the  hnt 
of  diredion  P^  And  SA,  SB,  SC,  perpendicular  to  the  axis 
at  S.  And  fuppofe  the  force  /  divided  into  the  parts  p,  q,  r, 
ading  feparately  at  P  to  move  A,  B,  C.  Then  (by  Cor.  3.  Prop. 
XIX.)  the  bodies  A,  B,  C  will  i3e  afled  on  refpedively  with 

the  forces  :^i>,J^^,^r. 
SA^    SB^  SC 

Since  the  angular  motion  of  the  whole  fyftem  is  the  fame,  the 
velocities  of  A,  B,  C,  are  as  SA,  SB,  SC;  and  their  mo- 
tions as  AxSA,  BxSB,  CxSC ;    and  thefe  motions  are  as  their 

op         cp  op 

generating  forces .p, q,  -^ — r.     Whence  j),  q,  f,  are  as 

SA      SB       SC 

AXSA'      BxSB^      CxSC^  ,     .  r  u   r  AC      ^ 

-- — .,    —11 ,    -^_.-    putthefumoftheferrj, andfince 

SF  SP    *       SP         ^ 

p+q+r=f    Therefore.  :/:  :  d^^^  fji^^jL^p,  And 

"^  SP  sxSP 

^^-fjSA^^  -  force   ac1:ing   at  A.     Then  f   :   m   :   '. 

fxAxSA ,  mxAxSA ^  ^^^j^^  ^^^^     ^^^^^  ^^^  f,^,  ^,nner 
s  s 

L  2  »^X   }<^^i 
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FIG.   -mxBxSB^    ':!21^^i:^  are  the  motions  of  J5  and  C.  Thereforethe 

whole  motion  generated  in  the  fyftem  is  ^^  XM. 

J    en         JxSA'-\-BxSB'J\rCxSC-        ,, 
Cor...  Jf  you  make  SO  ^    -^SA^BxSbIcxSC'      ^^^" 

if  all  the  bodies  he  placed  in  O,  the  motion  generated  in  the  fyftem,. 
"xvV/  be  the  fame  as  before^  as  to  the  quantity  of  motion,  or  the  fum 
of  all  the  alfolute  motions;  but  the  angular  velocity  will  be  different. 

For  the  motion   generated    in    thefe    two    cafes,    will    be 

j^sA+B%SB+  CxS£  ^sp^     „^ 2T"B~:x so 

JxSJ--+BxSB-+CxSC'  ZfHTCxSO'^ 

X ;;/ ;  and  if  thefe  be  fiippofcd  to  be  equa],there  comes  out  SO  zz. 
AxSA'--vBxSB'^CxSO 

jxSJTbxsF+cx  SG  ' 

Cor.  2.  'The  angular  velocity  of  anyfftem  Ay  B,  C,  generated  in 
a  givm  time,  by  any  force  f,  ailing  at  P,  perpendicular  to  PS,  is 

SPxf 
""^  AxSA+BxSB^^GxSO 

For  the  angular  velocity  of  the  whole  fyftem  is  the  fame  as 
of  one  of  the  bodies  A.  But  the  abfolute  motion  of  y^  is  = 
wxAxSA^  and  the  abfolute  velocityof  yf  z=  ^^><i^.    but  the 

angular  velocity  is  as  the  abfolute  velocity  directly,  and  the  ra- 
dius or  diftance  reciprocally;  therefore  the  angular  velocity  oiA, 

,      .  ,       1    1  r  A        •      m  mxSP 

andconfequently  of  the  whole  fyftem,  is  as-  or    - —  ^' 

that  is  (becaufe  m  is  as  the  force/),  as.^^^,^,_^^^  .^.^  ^^.; 

Cor.  3.  Hence  there  will  be  the  fame  angular  velocity  generated 
in  the  fyftem^  and  with  the  fame  force^  as  there  would  be 
in  a  fingle  body  placed  at  P,  and  whofe  quantity  of  matter  is 
AxSA'  +  BxSB'-\-CxSC' 

SP' 
For  let  P  —  that  body,  then  (by  Cor,  2.)  fmce/and  5P  are 
given  J  the  angular  velocities  of  the  fyftem  and  body  P,  will 

bs 
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be  to  one  another,  as  _ — -— — ^„ — K^^r^r^-  fo  ^    ^ow-  Which  be-  ^  i  g» 

ingfuppofed  equal,  welhallhaveP—— -^ — ^X — ^'-- — 31 _. 

Or* 

Cor.  4.  7"/&^  angular  mation  of  any  fy ft  em  ^  generated  by  a  uniform. 
force,  will  be  a  motion  uniformly  accelerated. 

PROP.    LVir. 

To  find  the  center  of  per  cuff  on  of  a  fyflem  of  be  dies,  or  the  point, 
which  flriking  an  immoveable  objeEl;  the  fyflem  fhcll  incline  to 
neither  Jide,  but  reft  as.  it  were  in  equilibrio. 

Through  the  center  of  gravity  G  of  the  fyftem,  draw  a  plane  -^^^ 
perpendicular  to  the  axis  of  motion  in  S.  And  if  the  bodies 
are  not  all  fituated  in  that  plane,  draw  lines  perpendicular  to  it 
from  the  bodies,  and  let  A,  B,  Cy  be  the  places  of  thefe  bodies 
in  the  plane.  Draw  SGO^  and  let  Obe  the  center  of  percuffion. 
Draw  Afy  Bg,  Cb,  perpendicular  to  SO,  and  Jad  to  SA,  and 
make  adzzSA,  and  draw  ea  perpendicular,  and  de  parallel  to 
SO.  Then  aA  will  be  the  diredlion  of  A's  motion,,  as  it  re- 
volves about  S.  And  the  fyftem  being  ftopt  at  O,  the  body  A 
will  urge  the  point  a  forward,  wi^h  a  force  proportional  to  its 
matter  and  velocity  •,  that  is  as  AxSA  or  Ax^d.  And  the  force 
wherewith  A  afts  at  a  in  direftion  ea,  is  A  xeaor  Ax  Sf.  And 
the  force  of  A  to  turn  the  fyftem  about  O,  is  ^x  Sfx^O  (by 
Cor.  3.  Prop.  XIX.)  -Ax  Sfx  SO—Sa-Ax  SfxSO  -  Ax  SA\ 
Likewife  the  forces  of  B  and  C  to  turn  the  fyftem  about  0,  is  as 
By.SgxSO-BxSB\^:\<\  CxShxSO-CxSC  And  fmce  the 
forces  on  tbc  contrary  fides  of  0  Tieftroy  one  another;  therefore. 
AxSfxSO^AxSA'-^BxSgxSO-BxSB'-\-CxShxSO-Cx 
SC^^o.     Therefore  SO  =  ^lxS^;±^SB^+CxSCJc     ^^^ 

AxSf  -^  BxSg-tCxSb  ti^c 
diftance  of  the  center  of  percuffion,  from  the  axis  of  motion. 
Where  note,  if  any  points/,^,  h,  fall  on  the  contrary  Ude  of 
S;  the  correfpondent  re6i:angles  mull  be  negative,— ^X-S/", — 
BxSg,  ^c. 

Cor.  I.  If  G  be  the  center  of  gravity  of  a  fyflem  of  bodies  A,  B-> 
€  ;  the  dijlance  of  the  center  of  per  cuff  on  from  the  axis  of  7/JOtionr 
that  is,  SO  =  ^-SA^-^BxSB^^CxSC^Cffc^ 

SGx^+B-'rC<Jc.  

ForbyProp.XLIV.^xy4-^x5^+Cx5/?'z=z?4-^+CX^C7. 

Cor,  2.  The  diftance  of  the  center  of  percuffion  from  the  center  of 

«       .   n     '   r>(^       GA'XA-^GB'XB-^GO  y(.C 
gravity  G,  ts  GO  zz  —   ^    -t-        ^ 


SGxA-^B-\-C 


ForAxSA'^BxSB'^CxSC'zzAxSG'  +  GA'—zSGxGf-h 
3xSG''hOB\'\-2.SGK<^}+C)<SG^CG^^2SCx(^^y  by  Eucli 
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II.  12  and  13.   But  (by  Cor.  2.  Prop.  XIAW .)- AxGf+B)<G^ 

^q     4-CxG>5^z=Oi  therefore y^x5^^^+^X<S5^  +  Cx5C'-//4-i;+C 
^^*    xSG^-+AxGA-JtBxGB^CxGC\    Whence  (by  Cor.  i.)  ^'O 

SGxA-vB-^-C  SGxJ+B-\-C 

Cor.  3.  Hence  bG  X  GO  zz  the  given  quantify 
JxGA'+BxGB'+CxGC\  ^y^iih^reforeGOis  reciprocally  as  SG. 
A+B+C  .      . 

For  each  of  the  bodies  //,  B^  C,  and  their  difiances  from  G. 
are  given. 

Cor.  4.  Hence  alfo  if  SG  he  given,  GO  ivill  be  given  alfo.  And 
therefore  if  the  -plane  of  the  motion  remain  the  fame.,  in  rejpeol  to  the 
bodies^  and  the  defiance  SG  remain  the  fame  ;  the  dijiance  oj  0  front 
G  will  rejiiain  the  fame  alfo. 

Cor.  5.  T^he  percufion  or  ([uantity  of  thejiroke  at  0,  by  the  motion 
cf  the  fyjlem,  is  the  fame  as  it  would  be  at  G]  fuppcfmg  all  the  bo- 
dies placed  in  G,  and  the  angular  velocity  the  fame.  For  the  f am  of 
the  motions  of  J,  S,  C,  in  the  fy ft  cm,  acting  agc.inft  O,  is  as  Ax  SAx 

^'^  jun-s^^n^^^  A-r^^r^  sc  _AxSA^+BxSB'.i.CxSC^ 
^+BxSBx—+CxSCx— ^^ 


=zSGxA-{-B-{-C  (by  this  Prop.)  but  SGxA-^B+C,  denotes  the 

motion  of  A-\-B-\-C,  acting  againft  G,  or  an  obftacle placed  there. 

Cor.  6.  In  a  body  or  fyflcm  of  bodies  ^  of  dilating  about  a  center  «?, 

if  V  he  the  velocity  cf  0,  the  center  of  percujfwn  ;  the  fjock  or 

quantity   of  the  fir  eke  at  any  point  P,  againft  an  obftacle  there^ 

SG 
is    —  X  y  X  fii^  cf  the  bodies,  or  of  the  whole  fyftem,  and  there- 
Si 

fore  are  reciprocally  as  SP.     For  the  velocity  of  A  being  denoted  by 

SA,  its  quantity  of  motion  is  Ax  SA.     But  by  the  property  of  the 

SA 
leaver  ASP^  its  quantity  of  motion  againft  P  is  Ay.  SA  X  -7— »  or 

Sm 

In  like  manner  the  motions  of  B,  C  againft  P  are  • — ; — — , 

,  therefore  the  fum  of  all,  or  the  whole  f 30 ck  againft  P,  is 
SP 

AxSA'-^BxSB' ■\-CxSC'-       J  ,7  ,  ■        -^       jr         CD      7/ 
— — ~~ — — — ,  and  that  is  reciprocally  as  SP,   all 

the  refi  being  given  quantities.     But  by  this  Prop,  ^l^^^flj^iz^ 
SB'^CxSC-       SG 


~Sp ~  Tp'X  SOxA-\-B-^C  ;   where  SO   denotes  the 

velocity  of  0^  i he  fame  as  V. 

Cor,  7.  Ij  OT  be  drawn  perpendicular  to  SO,  then  OT  ivill  be 
the  locus  of  all  the  centers  of  percujfwn. 

For  the  diieciion  of  0  is  in  the  line  OT -,  and  therefore  it  is 
the  fame  thing  which  point  of  the  line  OT  ftrikes  an  obftacle. 
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PROP.    LVIII.  ^^  ""* 

'if 0  find  the  center  of  ofcillation  of  a  fyftem  of  bodies^  or  fuch  a  pointy 
in  which  a  body  being  -placed^  will  vibrate  in  the  fame  time^  avid 
with  thef^me  angular  velocity  as  the  whole  body. 

Let  the  axis  of  motion  be  at.S,  perpendicular  to  which  drawthe     81. 
plane  in  which  the  center  of  gravity  G  moves ;  draw  SGO,  and  let 
0  be  the  center  of  ofcillation;    draw  the  horizontal  line  Sr,  and 
from  the  bodies  A,  B,  C,  draw  Aa,  Bb^  Cc,  perpendicular  to  SO-y 
and  alfo^<?,  Bfj^  Cd,  Gg,  Or^  perpendicular  to  6"^ 

Fmsz=AxS^'-i'BxSB'  +  CxSC\     Then  (by  Cor.  2.  Pron, 

LVI.)  the  angular  velocity  which  yf,  B,  C,  generate  in  the  fyftem 

I.    ^t    •        •   u..   •    — Sex  A     SnxB     SdxC        ,   ,        ,    , 

by  thcjr  weight,  IS H—,  , ;  and  the  whole  an- 

s  s  s 

gular  velocity  generated  by  them  all  is  — -^^  x^+^>^x^+^ix£ 

s 
Likewife  the  angular  velocity  which  any  particle  p,  fituated  in 

Oj  generates  in  the  fyftem,  by  its  weieht,  is  ^^^  .  or  -I— 
^  /        >     /  ^  ;)xi'0*  SO' 

Sp- 
ot -~-2 — ,  becaufe  of  the  fimilar  triangle  ^^-G,  6'rO.  But  their 
SG  X  SO 

vibrations, and  every  part  of  them,  are  performed  alike;  there- 
fore their  angular  velocities  muft  be  every  where  equal;  that  is 

—SexJ-^SnxB-i-SdxC  Sg  ,  .  j  n- 

- — ■ ! n  — ^ —  ;    whence    by   reduction 

s  SGxSO  ^ 

S0=:%x—. ^     /    , — -P— ,.    But(byProp.XLIV.) 

SG      —SexJ+SnxB-h SdxC  ^  ^        t-  > 

—  SexA+SnxB  +  SdxC^SgxA  +  B-i-C.  Therefore  the 
diftance  of  the  center  of  ofcillation  from  the  axis  of  mo- 
tion, SO  -  J  _  JxSA'-{.BxSB'~-^CxSaScc. 

SGxA+bTC  "     SGxA-\-B-\-C^c 
=  ^><Sf-^B><Sir^-i-CxSC^^c^    ^,^^^  ,    ^^^ 

AxSa-\-BxSb-[.CxSc&c 
muft  be  negative,  when  a,  b,  ^c.  lie  on  the  contrary  fide  of  S. 
And  .Ince  all  thele  quant'ties  are  the  fame  at  all  elevations  of  the 
axis  .SO;  therefore  the  point  O  is  rightly  found  j  and  the  lyf- 
tem  has  fuch  a  point  as  is  required.  Likewife  it  appears  by 
Cor.  1.  of  the  laft  Prop,  that  the  center  of  ofcillation  is  the  fame 
Avith  the  center  of  percuflion. 

Cor,. 
6 
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^  ^^'        Cor.  I.  Ifp  he  any  particle  of  a  hody^  d its  diflance from  5,  the 

'^^'       axis  of  motion;  G^O^  the  centers  of  gravity  and  ofcillation.     Then 

the  dijlance  cf  the  center  cf  ofcillation  of  the  body ^  from  the  axis  of 

^^         fiwi  of  all  the  pxdd 

.motion,  SO  —  <■ ^ — y—. . 

SGxbodj 

Cor.  2.  If  the  bodies  yf,  B,  C,  he  large,  and  therefore  the  centef 
■of  ofcillation  of  each,  not  in  the  center  of  gravity.  Let  d,  e,f  he  the 
refpeB.ve  difiances  of  their  centers  of  gravity,  andp,  q,  r,  of  their 
centers  of  ofcillation,  from  S.  Then  will  the  dijlance  of 
the  center  cf  ofcillation  from   S,    the    axis   of  motion,    SO    zzl 

dp/1+eqBxfrC  _  dpA+egB+frC 

JxSa  +  BxSh  +  CxSc   ""  SGxyT^BTc' 

For  let  a,   h,  c,  be  any  particles  in  A,   B,  C-,  ZT)dx,y,Zf 

their  ciftances  from  S  refpeflively.     Then   by  this  Prop.  SO  zz 

fum  x''a-{-  ium  yv^  +  fum  zzc     r>  ,^  lum  xxa         ^  ^.r„«,^,,^ 
. ! __^-__2__ .    Dut zz/»,  oriumA';v« 

SGxA-\-B-\-C  ^^ 

—dpA,   and  fumyyh  ~  elB,  and  fum  zzc  -=z  frC;  and  SGx 

T-fB^C  -  Sax^+SbxB+ScxC. 

Cor.  ■^.  To  find  the  center  cf  ofcillation  of  an  irregular  body,  fufpend 
it  at  the  given  point,  and  hang  up  a  fingle  pendulum  of  fuch  a 
length,  that  making  than  both  vibrate,  they  may  keep  time  together. 
Then  the  length  of  this  pendulum  is  equal  to  the  difiance  of  the  center 
cf fufpenfton  from  the  center  of  ofcillation  of  the  body. 

Cor.  4.  PFhat  has  been  demonflrated  in  the  lofi  Prop,  and  Cor.  i, 
2,  3,  4.  for  the  center  of  -perciiffion ;  holds  equally  true  for  the  center 
of  ofcillation. 

S  C  H  O  L. 

I  fhall  juft  take  notice,  that  if  the  difiance  of  the  axis  of 

fufpenfion  from  the  center  of  gravity  SG,  be  made  equal  to 

jGA'xA^GB'-xB-^GC-xC    ,.      .     ,        ■„    .  .„       .      , 

V ■ — i  the  body  will  ofcillste  in  the 

yl+B  +  C. 

leaft  time  pofiible. 

In   very   fmall  bodies,  or  any  bodies  ofciUating  at  a  great 

difiance  from   the  axis  of  motion,  the  center  of  ofcillation  or 

percuflion  is  in  or  very  near  the  center  of  gravity.     And  the 

reafon  why   the  center  of  ofcillation  or  percuflion  is  not  always 

in  the  center  of  gravity  j  is  becaufe  the  body  in  vibrating  is 

made 
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made  to  turn  about  a  center.  But  if  it  be  fo  contrived  as  al-  f  t  Gt 
vrays  to  move  parallel  i->  itfelf,  without  any  circular  motion,  the  8t. 
centers  of  gravity,  of  oicillation,  and  percufllon  will  be  the  fam:. 
The  diftance  of  the  centers  of  ofcillation  and  percufiion,  from 
tlie  axis  of  motion,  as  calculated  by  Cor.  i.  is  as  follows. 
Where  the  axis  of  motion  is  at  the  vertex,  and  in  the  plane  of 
the  figure. 

1.  In  a  right  line,  fmall  parallelogram,  and  cylinder,  4  the 
axis  of  the  figure. 

2.  In  a  triangle,  4  the  axis  *) 

^.  In  a  plane  of  a  circle,  -l  the  radius    (  , 

^    T    .L  u  1      s  .u        •  }  nearly, 

4.  In  the  parabola,  4  the  axis  j  ' 

§.  Pyramid  and  cone,  4  axis  J 

6.  In  a  fphere,  rzrtadiUs,  t/zirdiftance  of  the  axis  of  mocioa 

from  its  center.     Then  the  diftance  of  the  center  of  ofcillanon 

from  the  axis  of  motion,  is  ^  -f- 


2rr 


Sd 

Prop.   lix. 

To  find  the  center  of  gyration  of  a  fyjlem  of  bodies ,  orfuch  a  point  0,     82* 
as  that  a  given  for  ce^  a^ing  at  a  certain  place,  will  in  the  fame 
time  generate  the  fame  angular  velocity  in  the  fyjlem,  about  an 
axis  SRi  as  if  the  whole  fyjiem  was  placed  in  0. 

Draw  the  plane  P^  perpendicular  to  the  axis  of  rotation  SR. ; 
and  let  SA,  SB,  SC  be  the  neareft  diftances  of  the  bodies  A,  B, 
C  from  the  axis  SR  j  and  let  the  force/  ad  at  P,  in  diredion 
P^ perpendicular  to  PS.  Then  (by  Cor.  2.  Prop.  LVI.)  the 
angular  velocity  generated  in  the  fyftem  by  the  force/,  will  be 

as  --— 2z and  in  the  fyftem  placed  in  0,  it 

will  be  ^'- J  and  if  thefe  velocities  be  made  equal, 

A-vB  +  Cy^SO'^ 

we  (hall have  ^Q^-^^'^^'+^^'^^'-^^^^^'.    Whence  the 

A+B-^C 

diftance  of  the  center  of  gyration  O  from  the  axis  of  motion 
at  S,  that  is  SO  =  .^^X^S^+BxSB^^CxSC^^ 

Cor.  I.  Let  b  iz:  quantity  of  matter  in  any  body  ABlR.CSy  p  any     g^^ 
particle,  dz=.ap,  its  dijlance  from  the  axis  of  rotation  SR  :  then  tke 
fquare  of  the  dijlance  of  the  center  of  gyration,  from  the  axis  of  mo- 
Uon,  that  is  SO^  -,fum  of  all  the  ddp^ 

b 
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$z,  CENTER  OF  OSCILLATION,  Gf^. 

sic'       Cor.  2.    If  any  part  of  the  fyftem  be  fuppofed  to  be  placed  in  t¥ 
82.     center  of  gyration  of  that  particular  part  y  the  center  of  gyration 
of  the  lahole  fyjlem  'will  continue  the  fame  as  before. 

For  by  this  Prop,  the  fame  degree  of  force  which  moved  this 
part  of  the  fyftem  before,  along  with  thf;  reft,  will  move  it 
now  without  any  alteration.  And  therefore  if  each  part  of  the 
fyftem  be  collcfied  into  its  proper  center  of  gyration,  the  center 
of  gyration  of  the  whole  will  continue  the  fanie.  , 

Cor.  ^.  If  a  circle  be  defcribed  from  G,  the  center  of  gravity  of 
the  fyfiem  y  and  the  axis  of  rotation  be  mads  to  pafs  through  any 
point  S  in  its  periphery  -,  the  dijlance  of  the  center  of  gyration  from 
that  point  will  always  be  the  fame. 

For  (by  Cor.  6.  Prop.  XLIV.)  the  quantity  AxSA.'-^B- 
xSE'-i-CxSC"-  will  be  given. 

Cor.  4.  The  dijlance  of  the.  carter  of  gyration  from  the  axis'  fif^^ 
motion,  is  a  mean  proportional  between  the  dijiances  of  the  centers 
cf  gravity  andpercuffion  from  that  a^xis. 

It  follows  from  this  and  the  laft  Prop. 

Cor..'  5.  Ifhe  momentum  or  quantity  of  motion  cf  the  whoU  fyf- 
ieifk,  a^ing  againjl  nn  obftacle  at  O  the  center  of  ^yration^  is  the.- 
fame  as  if  all  the  bodies  were  placed  in  O,  the  angular  velocity  re- 
maining the  .Jam*     For  the  momenta  or  quantities  of  motion  are  as 
the  forui^,.^-.^  ^.■., 

S  C  H  O  L. 

It  is  the  fame  thing  on  whatever  fide  of  the  axis  of  rotation, 
57?,  the  point  O  or  center  of  gyration  be  taken,  provided  it  be 
at  its  proper  diftance. 

By  a  computation  from  Cor.  i.  the  diftance  of  the  center  of" 
gyration  from  the  axis  of  rotation,  in  the  following  bodies  will 
be, 

1.  In  a  right  line  or  fmall  cylinder  (revolving  about  the  end) 

50  =  length  x  v/^T 

2.  The  plane  of  a  circle,\iv  cylinder  (revolving  about  the  axis) 
50  =:  radius  x  s/i. 

3.  The  periphery  of  a  circle  (about  the  diameter)  SO  1:1  radius 

4.  The  plane  of  a  circle  (about  the  diameter)  50  z=  t  radiusi. 

.     '  5,  The: 
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5.  The  furface  of  afpbere  (about  the  diameter)  SO  ~  radius 

6.  Aglobe  (revolving  about  the  diameter)  SO  zr  radius  x  ^1, 

7.  In  a  Ci?;;^  (about  the  axis)  SO  zz  radius  x  v^to-- 
If  the  periphery  of  a  circle  r^'voive  about  an  axis  in  the  center 

perpendicular  to  its  plane,  it  is  the  fame  thing  as  if  all  the  mat- 
ter was  colltded  into  any  one  point  in  that  periphery.  And 
the  plane  of  a  circle  of  double  the  mater  of  this  periphery,  and 
the  lame  diameter,  will  in  an  equal  time  acquire  the  fame  a^u- 
lar  velocity. 

If  the  niatter  of  any  gyrating  body  were  adually  to  be  placed 
in  its  center  of  gyration,  it  ought  either  to  be  dilpofed  of  in  the 
circumtertnce  ot  a  circle,  whole  radius  is  SO,  or  elfe  into  two 
points  O,  diametrically  oppofite,  equal  and  equi  diftant  from  S. 
For  by  this  mran^  the  center  of  motion  S,  will  be  in  the  center 
af  gravity.  And  the  body  will  revolve  without  any  lateral  force 
towards  any  fide. 


PROP.     LX. 

If  EFhe  any  body  at  reft  infree  fpace^  G  its  center  of  gravity^  the 
points  5,  O,  one  the  center  of  fufpenfwn,  the  other  of  percuffion  ; 
and  if  a  moving  body  B  Jirik'  di-  e^ly  againfl  the  feint  0,  the  mo- 
tion genemted  in  the  body  EF  by  the  ftroke  fhall  befuch\  that  in 
the  time  tlat  the  bcd^  makes  one  nvolution  about  its  center  of 
gravity  G,  the  center  of  gravity  ivill  move  forward  afpace,  equal 
to  the  circum^  erence  of  a  circle,  whofe  radius  is  SG, 

Let  the  bodv  vibrate  about  the  point  S,  and  in  a  very  fmall 
time,  from  the-  p  'fition  SCO,  come  in'o  the  pofuion  Sgd.  Nov/ 
the  arches  Gg,  Od,  will  be  as  the  veloci:ies  of  the  points  G,  G, 
vibrating  about  6';  therefore  when  it  comes  into  the  poficion 
SGO^  if  it  were  dikngaaed  from  the  point  S  ;  the  center  or  gra- 
vity G  wouhi-ltili  move  forward  with  the  fame  velocity  Gg  ;  and 
the  body,  inftead  of  rev<-lving  abcut  S,  would  (by  Cor.  1  Prop. 
XLiX.;  revolve  about  G  with  the  fame  angular  motion  as  be- 
fore-. 1  hcref.re  ii  rCo  be  drawn  parallel  to  Sgd,  Gg  will  re- 
prrjcnc  the  velocity  of  G,  and  Oo  the  velocity  of  O  about  G. 
And  brcauf'  Oo,  Gg  are  very  fmall  fimil^r  arches,  therefore 
the:i  circumferences  will  be  defcribt'd  in  equal  timts  ;  that  is, 
in  the  time  that  0,  or  the  body  itfclf,  nirtiics  one  revolution 

M  2  about 
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F  I  G.    about  G  ;  the  point  G  will  advance  forward  a  fpace,  equal  to 
84.      the  circumference  of  a  circle,  whofe  radius  is  SG. 

Now  this  is  the  motion  acquired  by  revolving  about  S.  But 
(by  Prop.  LVII.)  if  a  body  fo  revolving,  ftrikfs  an  immove- 
able objed  at  0,  both  the  progrefTive  and  circular  motion  will 
be  deftroyed  ;  and  the  body  will  be  at  reft.  It  is  evident  on- 
the  contrary,  that  if  a  moving  body  ftrikc  the  body  at  reft  in 
the  point  O,  with  the  fame  force ;  the  fame  motion  will  be  re- 
ftored  *again  :  and  is  the  fame  as  above  defcribed. 

Cor.  I.  yf/  ihe  begbming  of  the  motion^  and  alfo  after  every  re- 
volution of  the  body^  when  the  line  SGO  comes  into  its  original  -pofi- 
ticn^fo  as  to  be  perpendicular  to  the  line  of  dire^ion  OB^  the  point  S 
will  be  at  rejl  for  a  moment. 

For  in  this  pofition,  it  will  be  (by  this  Prop.)  as  velocity  qf  0 
about  G  :  velocity  of  G  ::  OG  :  G3.  And  by  compofition,  vel. 
O  about  G  -1-  vel.  G  that  is  abfolute  vel.  O  :  abfolute  vel  G  :: 
QG  +  GS  or  OS  :  GS.  Therefore  fince  the  abfolute  velocities  of 
O  and  G  are  diredlly  as  their  diftances  from  S  ;  it  follows  that 
the  point  S  is  at  reft. 

Of 

Cor.  2.  Let  a  body  J  zz  -^  X  body  EF.     And  if  V  be  the  i^n 

locity  which  the  body  A  would  receive  by  the  dire£lJiroke  ofB  :  then  i 
fay,  the  abfolute  velocity  of  the  body  EF  {or  of  its  center  of  gravity  G), 

which  H  receives  by  B  impinging  at  O,  will  be  •— -^. 

For  let  p  be  any  particle  of  the  body  £F,  and  Sp  its  dif- 
tance  from  S.  Then  (by  Car.  3.  Prop.  LVI.)  if  a  body.— 
fumofallthe^;.-X/>  ^^    j^^^^  ;„  q  i^  ,v111  receive  the  fame  an- 

SO'  ^ 

gular  velocity,  by  the  ftrokc,  about  S  at  reft;  as  the  body  £F*' 
when  ftruck  in  0.     But  (by  Cor.  1 .  Prop.  LVIIL)  fum  Sp'xp- 

o^       o^       1     J     7-7-       1  I    u  J     SOySGx  b<^dy  EF' 

—  SO  X  SG  X  body  EF-,  whence  the  body  ^2_ 1 

oG  ■ 

or  yf,  placed  in  0,   receives  the  fame  angular  velocity  about  S, 

as  the  point  O  of  the  body  EF.     But  vel.  of  0  or  /^  :  vel.  G  : : : 

SO  :  SG.     For  at  the  beginning  of  the  motion,  S  is  at  reft,  by- 

Cor.  I. 

body  EF 
Cor.  3.  ^he  velocity  Icfi  in  B  by  the  fir  oh  ^  will  be    ,    ,    j.    X 

A'O    "  For 
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For  the  Turn  of  rhe  motions  of  all  the  bodies,  after  the  Ilroke, 
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is  the  fame  as  the  motion  of  B  before  it,  by  Prop.  X.  g 

S  C  H  O  L. 

The  point  S  is  by  fome  called  the  fprn^aneous  center  of  rotation ; 
becaufe  the  body  (or  r)n:em  of  bodies)  at  the  beginning  of  the 
motion,  moves  as  it  were  of  its  own  accord,  or  without  any  com- 
puJIion,  abcKUt  the  center  S  at  reft» 


PROP.     LXI. 

Let  BE  be  any  hody^  C  its  center  of  gravity  -,  and  if  from  the  center  °5  = 
C,  the  circle  BFS  he  defcribcd ;  and  if  about  BFS  as  an  axis,  a 
cord  ASBFS,  be  wound,  and  the  end  fixed  at  A.  And  if  O  be  the 
center  of  ofcillation,  in  refpeSt  to  the  center  of  fufpenfton  S.  Then 
if  the  body  defend  by  a  rotation  round  the  axis  BFS,  by  unwind- 
ing the  cord  ASBF,  i£c.  then  I  fay  the  f pace  defended  by  the 
whirling  body  DE,  is  to  the  fpace  defcended  in  the  jame  time,  by 
a  body  falling  freely,  .as  SC  to  SO, 

Through  the  point  of  contact  S  and  the  center  of  gravity  C, 
draw  the  horizontal  line  SCO.  Then  (by  Prop.  LVIII.)  the  an- 
gular velocity  of  the  body  about  the  point  of  fufpenfion  S,  at  the 
beginning  of  the  motion,  will  be  the  fame  as  if  the  whole  body 
v/as  placed  in  O.  Buc  if  a  body  was  placed  in  0,  its  velocity 
«2;enerated  at  the  btrginning,  will  be  the  fame  as  ot  a  body  fal- 
ling freely.  Therefore  drawing  Sco  infinitely  near  SCO,  and  the 
fmall  arches  Og,  Cc  :  then  the  velocity  of  O,  is  to  the  velocity  of 
the  center  of  gravity  C,  as  Oo  to  Cc,  or  as  SO  to  SC -■,  that  is,  the 
velocity  generated  by  a  body  tailing  freely,  is  to  the  velocity  of 
the  d-fcendina  body  DE,  as  SO  to  SC.  Now  fmce  the  points 
S  and  0  are  always  in  the  horizontal  line  SCO,  and  the  radius 
SC  is  given,  and  likewiie  (by  Cor.  4.  Prop.  LVII.)  the  diftance 
CO.  Therefore  the  velocities  of  O  and  C  in  any  times  will  al- 
ways be  as  SO  to  SC :  that  is,  the  velocity  of  a  body  defcending 
freely,  is  to  the  velocity  of  the  whirling  body  BE,  always  in  the 
ratio  of  6'0  to  SC.  And  therefore  (by  Prop.  VI.)  the  fpaces  de- 
fcribcd are  in  the  fame  ratio. 

X:or.  I .  The  weight  of  the  body  BE,  is  to  the  terfion  of  the  cord 
AS;  as  SO  to  CO. 

For 
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T  I  G.  For  let  the  body  bt-  fupp'rted  at  0,  then  fince  B  is  the  center 
of  gravity,  therefore  fby  Cor.  Prop  L.  and  Cor.  5.  Prop.  XIX.) 
^5-  the  weight  /)£  is  t )  the  pieflure  at  S^  as  50  to  CO.  Now  if  the 
point  O  be  let  go,  the  force  ading  at  O  will  generate  a  motion 
about  6!,  whilft  the  prefTure  at  5",  and  confequencly  the  renfion  of 
the  cord,  is  neither  increafcd  nor  decreakd,  but  remains  the 
fame  as  before. 

Cor.  9.  If  a  circular  lody  as  BFS  runs  dozvn  an  inclined  plane ^ 
whi'Jl  the  thread  ASB  unfolds  ;  or  if  a  ro.:nd  boay  roll  down  an  in- 
clined plane,  and  by  its  fri^on  be  hindered  from  fltding  :  The  fpace 
it  defcribes  in  any  time,  is  to  the  fpace  defcribed  by  abodyflidtng  dozvn 
freely  'without  f-^i^ion,  as  SC  to  bV. 

For  the  forces  that  generate  their  motions  are  both  decreafed, 
in  the  fame  ratio,  that  is  as  the  abfolute  gravity  to  the  relative 
gravity  upon  the  plane  -,  therefore  the  fpaces  defcribed  will  re- 
main in  the  fame  ratio  of  SC  to  SO.  And  in  the  rolling  body, 
the  fridtion  fupplies  the  place  of  the  cord,  the  fame  as  if  it  had 
teeth. 

Cor.  3.  This  motirn  cf  the  body  BE  by  rotation^  is  a  motion  uni- 
formly acctlerated.  And  the  ten/ton  of  the  cord  is  always  the  fame, 
through  the  whole  defcent. 

S  C  H  O  L. 

t6.  Let  W  —  weight  of  a  body,  S  —  fpace  defcribed  by  a  body 
falling  freely.  Then  the  fpaccs  defcribed  by  rotation  or  whirl- 
ing,  in  the  following  bodies,  as  SBF,  in  the  fame  time  are, 

1.  In  the  circumference  of  a  circle,  SBF,  or  furface  of  a  cy- 
linder, fpace  ■=:  ^S  \  tenfion  of  the  tiring  zz  \W. 

2.  In  the  circumference  of  a  circle,  SBF,  without  weight, 
and  the  weight  be  in  the  center  C,  fpace  —  6",  tenfion  of  the 
firing  zi  o. 

3.  In  the  plane  of  a  circle  SBF,  or  a  cylinder;  fpace  —  i.  5, 
and  the  tenfion  of  the  (Iring  AS  —  I  IV. 

4.  In  the  lurface  or  a  iphtre  SBF\  fpace  z:i\S,  and  the  ten- 
fion of  the  ftring  v/5  -\IV. 

5.  In  a  fphere  SEF -^  fpace  =  4  aS",  and  tenfion  of  the  thread 
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SECT.       VIII. 

T/je  quantity  a7id  direSiion  of  the  prejfure  of  beams 
of  timber  J  by  their  weights  \  and  the  forces 
necejfary  to  fuftain  them. 

PROP.     LXII. 

If  a  learn  of  timber  he  fupported  at  C  and  B,  lying  upon  the  wall 
ACE^  with  one  end.     And  if  G  he  the  center  of  gravity  of  the 
whole  wtighi  fufiaimd :  and  the  line  FGHhe  dravcn perpendicular 
to  the  horizon^  and  CF  and  BH  to  CB^  and  BF  drawn  ^  I  fay. 
The  weight  of  the  whole  hody  \  FH 
Preffure  at  the  top  C  \BH 
Tlrufi  or  preffure  at  the  hafe  BXFB, 

are  refpe£lively  as  J  and  in  th'cfef^veral directions* 

If  the  beam  fupport  any  weight,  the  beam  and  weight  muft: 
be  confidered  as  one  body,  whcle  center  of  gravity  is  G.  Then 
the  end  C  is  fupported  by  the  plape  BCE  \  and  (by  cor  3.  Prop. 
LIII.)  the  other  end  B  may  be  fuppoied  to  be  fuftained  by  a 
plane  perpendicular  to  BF \  therefore  (by  Cor.  i.  Prop.  LIII.) 
the  weight  and  forces  at  C  and  5,  are  refpedively:  as  FH,  BH^. 
and  BF, 

Cor.  I.  Produce  FB  towards  ^  then  B^is  the  dire5li<M  of  the 
preffure  at  B.  And  the  preffures  at  B  in  directions  B^  FD,  DB, 
are  as  FB,  FD,  DB. 

Cor.  2.  Draw  Dr  perpendicular  to  BC,  and  draw  CD.  Then  the. 
weight,  preffure  at  the  top,  di  eSi  preffure  at  bottcrn,  and  horizontal 
preffure  at  l^otiom,  are  refpe^ively  as  CB,  BD,  DC,  and  Dr. 
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FIG.  ^^'  ^'^^^-^  '^^  angles  ECI'\  BDF  are  right ;  a  circle  dcfcribed 
upon  the  diameter  BF,  will  pals  through  C,  D.  Therefore  < 
'^*  BCD  —  BFD  ilandins:  on  the  lame  arch  BD,  And  becaufe  the 
<GBH  and  <  s  zt  D  are  right,  BHF  —  CBD  ^  therefore  the 
trianol-s  FHB  and  CBD  are  fimilar,  and  the  figure  BHDFCimi- 
lar  to  the  figure,  DBrC^  yfhQnceFH:  BH  :  BF  :  BD  ::  are  as 
CD  :  BD  :  DC :  and  Dr. 

Cor.  3.  ////  tHs  holds  true  fcr  any  force  injiead  cf  gravity^  a^ing 
in  du  e^ion  QD. 


PROP.     LXIIL 

88.      If  BC  he  any  berjn,  hearing  any  weight,  G  the  ceiiter  of  gravity  of 
the  zvhole.     And  if  it  lean  agalnfl  the  perpendicular  wall  CA.  and 
he  fupported  in  that  pofitlon  \  draw  BA,  CF  parallel,  and  FGD 
■perpendicular  to  the  horizon  -,    and  draw  FB,  then 
T'he  whole  weight  '\  FD 

Preffure  at  the  top  C  I  BD 

Ihruji  or  prejfure  at  the  hot  tern  B  i  FB, 

are  respectively  as  J  and  in  the  fame  dire^ions. 

For  the  end  C  is  fuftained  by  the  plane  AC  ;  and  if  the  end  B 
be  fuppofed  to  be  fuftained  by  a  plane  perpendicular  to  FB, 
Then  (by  Cor.  i.  Prop.  LIII.)  the  weight,  and  prefiure  at  top 
and  bottom,  are  as  DF,  DB,  FB.  If  you  fuppofe  the  end  B  is 
not  fuftained  by  a  plane  perpendicular  to  FB,  the  body  will  not 
be  fupported  at  all;  by  Cor.  2.  Prop.  LIII. 

Cor.  I .  If  FB  he  produced  to  ^  then  B^is  the  direction  of  the 
preffure  at  B.  And  the  perpendicular  preffure  at  B  {FD)  is  equal 
to  the  weight ;  and  the  horizontal  preffure  at  B  (BD),  is  equal  to  the 
preffure  againji  C. 


PROP.     LXIV. 

8q.      If  a  heavy  hea^n,  or  one  hearing  a  weight,  be  fujlained  at'C,  and 

moveahle  about  a  point  C  \  whiljl  the  other  end  B  lies  upon  the 

wall  BE,     And  if  HGF  be  drawn  through  the  center  of  gravity  G, 

6  per- 
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perpendicular  to  the  horizon y  and  BF,  CH  perpendicular  to  BC,    ,  ,  q 
and  CF  be  drawn  ;  then  g 

'The  whole  weight      -\  HF 

Preffure  at  B  \HC 

Force  aBing  at  C^      |  CF, 

are  refpe lively  as  J  and  in  thefe  directions . 

For  the  end  B  is  fuflaiiif^d  by  the  plane  CB,  and  (by  Cor.  2. 
Prep.  LIII.)  the  end  C  may  be  fuppofed  to  be  fuftaincd  by  a 
plane  perpendi  ular  to  FC,  or  by  a  cord  ia  daeclion  CF.  Then 
fince  HC  is  parallel  to  BF^  the  weight,  force  at  C,  preffure  at 
B^  are  refpediv.  ly  as  HF^  CF,  HC ;  by  Cor.  i.  Pr.  p.  Lli.  or 
Cor.  I.  Prop.  LIII.     . 

Cor,  But  if  inftead  of  lying  upon  the  inclined  -plane  ct  5,  the  end 
B  laid  upon  the  hortznt  at  plane  AB^  then  the  weighty  ihe  preffure  at 
B  and  C,  are  refp  ^lively  as  BC,  GC,  and  BG ;  and  in  this  cafe  thire 
is  no  lateral  pi  effure. 

For  BF  will  be  perpendicular  to  BA,  and  parallel  to  HF.  and 
confequently  CF  is  alio  parallel  to  HF,  therefore  (by  Cor.  5. 
Prop.  XIX.)  the  forces  at  C,  G,  5,  are  as  BG^  BC,  and  CG. 


PRO  P.     LXV. 

If  a  heavy  beam  BC,  whofe  center  of  gravity  is  G,  be  fupported  upon     no, 
two  pojts  BA,  CD  ;   and  be  moveable  about  the  points^  A,  5,  C, 
D.     And  if  AB,  DC,  produced,  meet  in  any  point  H,  of  the  line 
GF,  drawn  perpendicular  to  the  horizon.     And  if  from  any  point 
F,  in  the  line  GF,  FF.  be  drawn  parallel  to  AB  j  If<^y-i 
The  whole  weight         "^  HF 
Prefure  at  C  \hE 

Thruft  or  preffure  at  B,  [  EF, 

are  refpe^ivcly  as     J  and  in  thefe  directions. 

For  the  points  A,  B,  C,  D,  being  in  a  plane  perpendicular  to 
the  horizon,  the  body  may  be  fuppofed  to  be  fupporced  by  two 
planes  at  B,  C,  perpendicular  to  AB,  DC  -,  or  by  two  ropes  BH, 
CH.  And  in  either  cafe,  the  weight  in  diredlion  HG,  the  pref- 
fure at  B,  C,  in  diredions  HB,  HC^  arc  as  HF,  EF,  and  HE. 

N  Cor, 
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Fig, 
90. 


Ccr.  Hence,  whether  a  body  he  fujlained  by  two  ropes  BH,  CH, 
or  by  t-'jjofofts  JB,  CD,  or  by  iwoplnms perpendicular  to  BJ,  CD  : 
The  body  then  can  only  be  at  rejt^  when  the  plumb  line  HGt  pajjes 
through  G,  the  center  of  gravity  of  the  whole  weight  fuflained.  Or, 
which  is  the  fame  things  when  AB^  DC  iuterfe^  in  the  plumb  line 
HGFpnJfng  through  the  center  of  gravity. 

S  C  H  O  L. 


PROP.     LXVL 

Jffeveral  beams  JB,  BC,  CD,  ^c.  be  joined  together  at  5,  C,  D, 

9^'  t^c.  and  moveable  about  the  points  A,  B,  C,  &'c.  be  placed  in  a 

vertical  plane,  the  points  A,   F,  being  fixt,  and  through  B,  C,  D 

drawing  ri,  sm,  tp  perpendicular  to  the  horizon.     And  if  feveral 

weights  be  laid  on  the  angles  B,  C,  D,  ^c.fo  that  the  weight  on 

S  BCD 

any  an?le  C  may  be  as -— — - — ^^^r .    "Fhen  all  the  beams  will 

•^     ^  -^  S.mCBxS.mCD 

be  kept  in  equilibrio  by  thefe  weights. 

Produce  DC  to  r.     Then  (by  Cor.  2.  Prop.  VIII.)  S.  <  ABC: 

S.  <  ABr  ::  weight  B  :  force  in  diredion  BC  —  —^  ',,J;  and 
°  6. ABC 

S.BCD  :  S.DCs  ::  weight :  force  in  diredion  CB  =.  ^-^^J^j 

which,  to  preferve  the  equilibrium,  muft  be  equal  to  the  force 

in  direaion  BC,  that  is  'i^^  =  ^f,f^'  -  whence  B  :   C 

: :  ^J^^^  :  ^■^^^^.  And  by  the  fame  way  of  reafoning,  C:D:  : 
S.iBr      S.DCs  ^  ' 

^1^  :  'l.£Bl.    Therefore,  ex  equo,  weight  B  :  weight  D  :  : 
S.BCs      S.EDt 
'     S.ABC       .       S.CDE       ..       S.^BC       .        S.CDE 

S.ABrxS.BCs' S.DCs)<,S,EDt"  S,ABixS.CBi '  S.CDpxS.EDp 

Cor» 


Sedl.  VII.        PRE  S- SURE    of    BEAMS. 


91 

FIG. 


Cor.  I .  Produce  CD,  fo  that  Dw  may  be  equal  to  Cr,  and  draw 
wx  parallel  to  Dp-,  cutting  DE  in  x.  Then  the  weight  C,  the  forces 
in  dire5liom  CB  and  CD,  are  as  rB,  CB  and  Cr  re/pe^lively.  And 
weight  C  is  to  the  weight  D,  as  Br  to  wx. 

Cor.  2.  The  force  or  thrujl  at  C,  in  direBion  CB^  or  at  B,  in  di- 
rect on  BC,  is  as  the  fee  ant  of  the  elevation  of  the  line  BC  above  the 
horizon. 

For,  force  in  direftion  C5  :  force  in  direftion  CD  ::  CB  i 
Cr  ::  .9.  CrB  or  rCm  or  sCD  :  S,  rBC  ::  cof.  elevation  of  CD  : 
cof  elevation  of  C5  ::  fee.  elevation  of  C5  :  fee.  elevation  CD; 
becaufe  the  fecants  are  recipiocally  as  the  cofines. 

Cor.  3.  Draw  Cp,  Dm  parallel  to  DE,  CB,  then  the  weights  on 
C  and  D  to  prejerve  the  equilibrium,  will  be  as  Cm  to  Dp.  And 
therefore  if  all  the  weights  are  given,  and  the  pofition  of  two  lines 
CD,DE  ;  then  the  pofitions  of  all  the  reft  CB,  BA,  ^c.  willbe  fuc- 
ceffively  found. 

For  let  the  force  in  direclion  CD  or  DC  be  CD,  then  Cp  is  the 
force  in  diredion  DE,  and  Dm,  in  diredion  CB.  And  Dp  or 
the  weight  D,  is  the  force  compounded  of  DC,  Cp  ;  and  Cm  or 
the  weight  C  is  the  force  compounded  of  CD^  Dm^  by  Cor.  2» 
Prop.  Vil. 

Ccr.  4.  If  the  weJghts  lie  not  on  the  angles  B,  C,  D,  &e.  let 
the  places  of  their  centers  of  gravity  be  at  g,  h,  k,  L  And  let  g, 
h,  k,  I,  alfo  exprefs  their  weights.     And  take  the  weight  B  — 

dig  +  ^^h,C:=:Bh+^^k,D^^±k  +  Ill,&c.thenB, 
AB^      BC  BC   ^  CD  CD         DE 

C,  D,  &'c.  will  be  the  weights  lying  upon  the  rcfpeSive  angles. 

This  is  evident  by  Cor.  5.  Prop.  XIX. 

Cor.  5.  If  the  weights  were  to  aU  upwards,  in  the  directions  mC^ 
pD,  i^c.  or,  which  is  the  fame  thing,  if  the  figure  A,  B,  C,  D,  E, 
h\  was  turned  upftde  down.,  and  the  weights  remain  the  fame,  and 
the  points  A,  F  be  fxt  as  before.  All  the  angles  at  B,  C,  D,  &e. 
and  confequently  the  whole  figure  will  remain  the  fame  as  before ; 
and  that  whether  the  lines  AB,  BC,  CD,  i^c.  be  flexible  or  inflexible 
cords  or  timbers. 

This  will  eafily  appear  by  the  dcmonftratlon  of  the  Prop. 
For  the  ratio  of  the  forces  at  any  angle  C,  will  be  the  lame, 
whether  they  ad  towards  the  point  C,  or  from  it;  by  Prop.  VIII. 
that  is,  ic  will  be  the  fame  thing  whether  the  weight  at  any 

N  2  angle 
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F  I  G.    angle  C,  afts  in  direftion  Cm  or  Cs.     And  as  the  forces  were 
^i.     fuppofed  before  to  ihruft  againft  C,  the  fame  forces  now  do  pull 
from  it. 

S  C  H  O  L. 

'  02.         If  BABF  be  a  femi-circle,  whofe  diameter  is  BF.     Draw  AG 
^  perpendicular  to  DF.     Then  the  force  or  weight  at  any  place 

A^  to  preferve  the  equilibrium,  will  be  reciprocally  as  AG\  or 

direflly  as  the  cube  of  the  fecant  of  the  arch  BA. 

Likewife  it  follows  from  Cor.  5.  that  if  any  cords  of  equal 

lengths  be  ftretched  to  the  fame  degree  of  curvature,  the  ilretch- 

ing  forces  will  be  as  the  weights  of  the  cords. 


[    93     ] 


SECT.     VIII. 

The  Jlrength  of  beams  of  timber  in  all  poftionsy 
and  their  fir efs  by  any  weights  aSiing  upon 
them  J  or  by  any  forces  applied  to  them^ 


PROP.     LXVII. 


F  I  G. 


Hhe  lateral  ft rength  of  any  piece  of  timber  in  any  place ^   whofe 
feSiion  is  a  reoi  angle  ^  is  directly  as  the  breadth  andfquare  of  the  depth,     93' 

Let  5D  be  any  beam,  placed  horizontally,  and  fixt  at  the 
end  EC.  And  let  AFG  be  the  perpendicular  feftion.  Divide 
the  depth  AF  into  an  infinite  number  of  equal  parts  at  ^,  ^,  f,  ^, 
^c.  whofe  number  is  AF  or  n  -,  through  which,  fuppofe  lines 
drawn  parallel  to  FG,  And  let  any  force  be  applied  at  V  in 
direflion  DP,  to  break  the  beam  at  AF\  then  fince  the  (trength 
of  the  timber  is  nothing  but  the  force  by  which  the  parts  of  the 
timbrt"at<2,  ^,  c,  i^c.  cohere  together:  the  breaking  the  tim- 
ber is  nothing  but  overcoming  this  force,  and  f^^parating  the 
parts  at  ^,  b,  c.  Suppofe  i  iz force  of  cohefion  of  any  of  the 
parts  Aa,  ab^  bc^  ^c.  and  imagine  ^a^  ^^b,  ^Ac,  ^c  fo 
many  bended  leavers  whofe  fulcrum  is  at  A.  And  let  us  fee 
what  will  be  the  fum  of  all  the  forces  applied  at  ^to  break  the 
timber  at  A.  Now  (by  Cor.  i.  Prop.  XIX  )  the  powder  applied 
at  ^  to   eoual  or  overcome  the  relirtances  at  A,  a,  b^  f,  i^c. 

will  be  -^,    ^,    :ZL,    ^,    4L,^c,   to   J^Z-;   that 
A^     A^'     A^'    A^    A^Z  ^'^^l 

is,  as  ,    _i — , ,     -J ,    .     .      . Therefore 

^ii      A^'    A^      A^'  A^ 

the  effcdil  of  all  the  forces  applied  to  ^  or  the  whole  ftrength 

of   the    beam    at   A,    will   be    ^    ^    ^  ^ -!_,  or. — -, 

A^  2.-J!l 

that  is,  becaufe  A^is  given,  as  nn  or  AF\     iSow  if  the  bread  tri 

FG 
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FIG  FGhc  increafed  in  any  proportion  -,  it  is  evident  the  ftrength  of 
€very  part  Ja,  ab^&c.  will  be  increaled  m  the  fame  proportion, 
and  therefore  the  abiblute  lateral  ftrength  will  be  as  JF'xFG. 

Cor.  I.  Infquare  timber^  the  lateral  ftrength  is  as  the  cube  of  the 
'breadth  or  depth. 

Cor.  2.  And  in  general,  the  lateral  fir  ength  of  any  pieces  of  timber^ 
-johofe  fe^itns  are  fimilar  figures,  are  as  the  cubes  of  the  fimilar  fides 
of  the  feSlions. 

Cor.  5.  A'ld  in  any  pieces  of  timber,  whofe  feUions  are  fiich  figures., 
that  the  correfpondent  ordinates,  parallel  to  the  horizon,  are  pro- 
portional, theftrengths  are  as  the  breadths  andfquares  of  the  depths^ 
or  as  thefe^ions  multiplied  by  the  depths. 

Cor.  4.  Theflrength  cf  cylindrical  pieces,  or  of  any  fimilar  pieces 
of  timber,  being  forced  or  twijted  round  the  axis,  lui'll  alfo  be  as  the 
cubes  of  the  diameters. 

For   let  AD—r,  circumference  of  the  fedion  DEFG—c^ 

Apzzx,  then  the  circumference  pqr— ,  and  if  the  cohefion 

of  a  particle  at/)  be  =  i.  Then  the  force  applied  at  ^to  over- 
come it,  will  be  JL  ;  and  the  force  applied  at  ^to  overcome 
the  cohefion  of  all  the  parts,  in  the  circumference  p^r,  will  be 

JL.X    ^^  .  or      ^      yvv;  and  the  total  force  at  ^to  over- 

A^         r  r  X  A'£l 

come  the  cohefion  of  all  the  particks  in  the  whole  fedion  BEFG 
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IS  -      '      X  fum  of  all  the  XX  =  ~i--X  1^  +  2^  +  3'++*... 

to  r"  -  *     ^      X  — .     Therefore,  becaufe  A^  is  given,  and 
rx^^       3 

the  ratio  —  ;  and  this  force  is  the  ftrength  of  the  beam  5  there- 

r 
fore  the  ftrength  is  as  r'  or  AD^. 

S  C  H  O  L. 

05  What  is  here    faid  of  timber,  is  true  of  any  homogeneous 

bodies  whatever  fort  of  matter  they  are  of.     But  the  ablolute 

»  fVard's  Math.  Guide,  Part  V.  Lem.  3. 

ftrength 


Sed.  Vlir.  OF     TIMBER. 

ftrength  ofany  beam,  lever,  rope,  ^c.  when  drawn  in  direc- 
tion of  its  length,  will  be  as  the  feftion  of  it.  For  every  n.,rt 
does  in  this  cafe  bear  an  equal  ftrerch,  and  the  lum  of  all  the 
parts  is  ecAial  to  the  whole,  a.-id  that  is  as  the  feclion. 


95 
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PROP.     LXVIIT. 

The  lateral Jtrength  of  a  tuhe,  or  hollow  cane  AB^  to  that  of  afolid     ^d^, 
one  CDy  is  as  thr  feclion  of  the  tube  [excluding  the  hollo  jj)^  to  the 
fe^iion  of  the  foltd  can:,  and  the  whole  diameter  of  the  tube  to  the 
diameter  of  the  folid  cane^  nearly. 

For  (by  Cor.  2.  of  the  laft  Prrp.)  the  ftrength  of  the  folid 
cylinder  BF  is  y^P,  and  the  ftrcngth  of  the  inner  folid  cylinder, 
v/hofe  fuiCrum  is  at  G,  is  EG\  and  whofe  fuKrum  is  at  F^  is 
greater  than  EG\  and  lefs  than  EF\  and  is  nearly  EG-^^GF^ 
-z^AF—'AM-  that  is  AF'—^AF'xAE  nearly.  Therefore  the 
ftrengrh  of  the  tube  AFJGE,  is  the  difference  of  the  ftrength  of 
thefe  .ylind-rs,  that  is,  AP — AF'  +  %AF'xAE  or  lAF'xAE, 
Likewi'f  the  flrmgth  of  the  folid  cylinder  DCH^  isCHK  I  here- 
fore  the  llreng  h  of  the  tube  FB  :  Itrength  of  the  cylinder  FID 
z:  ^AF'xAE:CFK  But  the  fedion  of  the  tube  is  as  AF'-—EG'- 
or  yfP — At — 2aE'zz^AFxAE  nearly.  Whence,  Itrength  of 
the  tube  FB  :  ftrcngth  of  the  cyV nder  HD  ::  ^AFxAE  i 
CHxCH'  ::  ^AFxAExHAFiCH'xCH  ::  fe<5tionof  the  tube 
X  1 1  ifs  diameter  :  feiflion  of  the  cylinder  x  its  diameter  :: 
feCtion  tube  x  diameter :  fedlion  cylinacr  x   diameter,  nearly. 

Otherwifcy 

Let  the  area  of  the  ring  AEGF  be  difpofed  into  another 
ring,  whofe  diameter  is  lefs  than  AF  -,  then  fince  every  particle  < 
of  it  a6ls  at  a  lefs  diftance  from  "ihe  fulcrum  F^  its  (trength  will 
be  lels  in  proportion;  that  is,  its  itrength  wih  be  as  the  diameter 
of  the  ring.  And  when  the  ring  is  lo  far  diminilhed  as  to 
become  an  entire  circle,  the  proportion  of  th;  ir  ftrength  will 
not  differ  far  from  the  propoction  of  thtir  diameters.  Let  the 
diameter  o\  that  circle  be  R\  then,  ftrength  of  the  rmg  or 
tube  :  ftrengrh  of  ail  equal  circle  ::  AF  :  R.  And  the  ftrength 
of  R:  to  that  f '  CH  ::  R^  :  CH\  Thert-fore,  ex  equo,  ftrength 
of  the  tube  BF  :  ftrength  of  the  cylinder  FID  :  :AFxR'  '• 

KxCW 


96  STRENGTHandSTRESS 

PIG.  RyiCH'  ::  AFxRr  ^CllxCir-  ::  y^Fx  area  ring  :  C//  x  area  0^ 


94. 


the  circle  CH. 

Cor.  Hence  the  firength  of  differ ent  tubes  are  as  their  f colons ,  and 
diaineurSy  mai'ly. 


PROP.     LXIX. 

q '-.      JJ  any  force  he  applied  laterally  to  a  leaver  or  beam,  thejlrefs  upon 
any  place  is  dire5lly  as  the  force  and  its  dijlance  from  that  place. 

For  fuppofe  PAF  to  be  a  bended  leaver.  It  is  evident  the 
greater  the  power  at  P,  the  greater  force  is  applied  at  F  to  fe= 
parace  the  parts  of  the  wood.  Alio  the  greater  the  diftance  AP^ 
the  grea'-er  power  has  any  given  force  applied  at  P,  to  overcome 
the  cohi  fion  of  the  wood  at  F.  And  therefore  the  whole  ftrefs 
depends  on  both. 

96.  Cor.  I.   If  two  equal  weights  lie  upon  the  middle  of  two  beamSy 

or  upon  any  other  fimilar  places,  thejlrefs  in  thcfe  planes,  will  be  as 
the  lengths  oj  the  beams. 

For  if  C  be  the  middle  point,  then  ^^  bears  half  the  weight; 
therefore  the  ftrefs  at  C  is  as  yfCx  4  weight.  And  becaufe  half 
the  weight,  or  the  force  afting  at  A  is  given  ;  therefore  the  ftrefs 
is  as  y^C or  half  AB,  and  therefore  as  AB.  And  if  C  be  in  any 
other  fimilar  fitiiation  in  both  beams,  the  fame  thing  will  follow. 

Cor.  2 .  If  two  beams  bear  two  weights  proportional  to  their  lengths, 
and  in  a  like  fitiiation ;  the  Jlrefs  upon  each  will  be  as  the  fquare  of 
its  length. 

Cor.  3.  And  if  two  beams  bear  two  weights  reciprocally  as  their 
lengths,  in  afimilarfituation,  the  ftrefs  where  the  weights  lie,  is  equal 
in  both. 
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PROP.     LXX. 

Let  AB  be  any  beam  of  a  given  lengthy  fupported  at  A  and  By  and     q  ^^ 
any  given  weight  either  fufp ended  at  any  point  C,  or  equally  dif- 
fufed  through  the  whole  length  of  the  beam  AB  ;  I  fay,  in  either 
cafe,,  theftrefs  of  the  beam  in  C,  is  as  the  re5lar,gle  ACxCB, 

C  A  S  E       I. 

Let  the  given  weight  be  reprefented  by  the  given  length  of 
the  leaver  JB.  Then  (by  Cor.  5.  Prop.  XIX.)  the  weight  ac  Ay 
and  the  re-a6lion  equal  thereto,  will  be  CB,  And  by  the  laft 
Prop,  the  ftrefs  at  C  will  be  as  the  force  a6ling  at  A*x  diftance 
AC,  zh2it  is  AC xCB. 

Case     II. 

Let  AB  be  divided  into  an  infinite  number  «  of  equal  parts, 
each=i.  Then  as  AB  reprefents  the  whole  weight,  i  will  be 
the  weight  fupported  upon  1   part  of  the  beam,  let  it  reft  atp  ; 

then^  =:  its  preffure  on  B.     Therefore   (by  the  laft  Prop.) 
AB 

the  ftrefs  ztp  is  d^^-  and  the  ftrefs  at  C  is  dl2L^^,znCmg 

AB  ^t) 

from  the  weight  at  p,     Confequently  the  ftrefs  at  C  arifing 
from  the  fum  of  all  the  weights  between  A  and  C,    will  be 
o-f  i-f7-  +  3-  -'AC^  ^^    ^^^^  J     (becaufe  AC  is  the  number 
AB 

o{ them)  d£2iz9 .     And  by  a  like  reafoning,  the  ftrefs  at  C, 

2AB 
arifing  from   the    whole  weight  between   B  and  C,  will  be 

CB^X  AC      Confequently  the  whole  ftrefs  at  C  is 

lAB  ^ 

AC-  X  BC+CB'  X  AC_AC-k-CB   ^^^^  ^^_  ACxCB 

lAB  "     2AB  2 

Cor.  I .  The  greatcfl  ftrefs  of  a  beam  is  in  the  middle,  the  weight 
leing  either  fufpended  there-,  or  equally  difpofed  over  the  z^hok  length 
cf  the  beam* 

O  Cor. 
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^  ^  ^'        Cor.  2.  Thejirefs  of  the  beam  at  any  point  /,  i>y  a  weight  uppUsd 
Q  -       to  any  other  point  C,  is  as  Ap  X  CB. 

^''  For  ACxCB  is  the  ftrefs  at  C,  and  (by  Prop,  hfl)  ^pxCB  will 

be  the  llrefs  at/). 

C(?r.  3.  Thejlrefs  of  the  beam  at  any  point  C,  ^_y  a  weight  fufp  en  del 
there  is  doid'.'e  the  Jir^Js  of  the  beam  at  the  fame- point  C,  by  the  fame' 
weigL .  prejfing  imiforrnly  on  all  parts  of  the  beam. 

For  by  Cafe  \.  the  llrels  at  C  is  ACxCB -,  and   by   Cafe  II. 

the  ftrefs  at  Cis — 

2 

Cor.  4.  fhefre/fofa  beam  at  anypoini  C,  by  a  weight  fufpendei 
there ^  is  double  to  dhe  ftrefs  at  C,  when  the  fame  weight  is  uniformly 
difperfed  on  ^11  the  parts  of  AC, 

Cor.  5.  If  a  weight  frefs  equally  on  all  the  parts  of  pC,  the 
ftrefs  at  C  ly  that  preffure^  is  to  thejlrefs  at  C,  when  fufpended  at 
C  ::  CIS  Ap-\-AC  toiAC. 

For  (by  Cor.  2.)  the  flrefs  at  C,  by  the  weight  i  lying  at;),, 
•is  ApxCB,  and  atC,  is' AC xCB.  Therefore  the  whol?  ftrels  at 
C,  by  the   whole  weight  on  sH  the  points  of  pC,  is  the  funi  of 

all  the  ApxCB  —  Ap  ~\-  Ap  -\-  i  -\-  Ap-\-i  ...  AC  :  x  CB  z=. 

^ItlJ^XpCxCB.  '  But  the-  ftrefs  by  the  whole  weight  at  C,  is 
2 

ACxCBxpCy  and   the   former   is   to  the   latter,   as    -Zj! — . 

2 

to  AC, 

Ccr.  6.  If  a  weight  prefs  equally  on  all  the  parts  of  Ap^  the  ftrefs 
at  any  point  C  by  that  weight.,  is  to  the  ftrefs  at  C  if  fufpended  there 
: :  as  Ap  to  2  AC. 
For  the  ftrefs  at  C  by  all  the  weight  on  Ap^  is  o+i  +  2  .  .  .. 

ApxCB—  ^xCB.     And  the  ft:r.efs  by  the  weight  Ap  atC 

2 
IS  ACxCBxAp, 

Ccr.  7.  The  ftrefs  at  p  by  a  weight  at  C,  is  equal  to  the  ftrefs  at 
C,  by  the  fame  weight  at  p. 


PROP. 


Sea.  Vllf.  o  F      T  I  M  B  E  R  99 

F  I  G. 

98. 

PROP.     LXXI. 

If  CD  he  a  prominent  beam,  Jixt  horizontally  at  the  end  C,  as  in  a 
wall  •,  and  if  a  weight  proportional  to  the  length  of  the  heani^  he 
difperfed  umfcrnily  on  all  the  parts  of  the  beam.  The  firefs  at 
any  point  F,  will  he  as  DF\  the  fojiare  of  the  difiance  from  the 
extremity. 

For  let  FD  be  divided   into  an  infinite  number  of  equal 

parts  at/?,  <][,  r,  s,  Sc.  and  let  each    be=:i,   and   luftain  the 

weight  I.     Then  (by  Prop.   LXIX.)  the  firefs  at  F,  by  the 

weights  at  F,  p,  q^  r,  &c.  will  be   i  xo,  i  xFp,  ixFq,  &€.  or 

as  o,  1,  2,  3,  &c.  refpeclively  :  therefore  the  whole  ftrefs  at  C 

FD"- 
will  be  o  +  i-f  2-f3  ...  FD  — . 


Cor.  I.  Hence  the  firefs  at  F,  hy  any  weight  ft  fp  ended  at  Z),  will 
he  double  the  firefs  at  the  fame  point  F,  when  the  fame  weight  -prefjes 
uniformly  on  all  the  parts  between  F  and  D. 

For  (by  Prop.  LXIX.)  the  ftrefs  at  F  by  the  weight  jDF,  is 
DFxDF,  or  FD\ 

Cor.  2.  The  firefs  at  the  end  BC,  hy  the  weight  P,  is  the  fame  as 
the  ftrefs  upon  the  middle  of  a  beam  of  twice  the  length  DC,  with 
twice  the  weight  P  laid  on  its  middle,  this  beam  being  fupported  at 
both  ends. 

For  the  firefs  now  at  Cis  the  fame  as  if  DC  was  continued 
to  the  fame  length  beyond  C,  and  a  weight  equal  to  P  fufpended 
at  the  end  •,  and  then  the  fulcrum  C  will  be  adled  on  with  twice 
the  weight  P.  And  this  is  the  fame  as  if  the  beam  was  turned 
upfide  down,  and  twice  the  weight  P  laid  on  the  middle  C 


PROP.     LXXII. 

If  there   be  two  beams  flanding   aflope.,   and  hearing  two  weights     99- 
upon  them^  either  in  the  middle,  or  in  any  given  fuiiation,  or  equally     i^O' 
diffufed  over  the  whole  length  of  the  beams  \  the  ftrefs  upon  them 
will  be  direolly  as  the  weights,  and  the  lengths^  and  the  ccfines  of 
tkvation^ 

O  2  For 
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F  I  G.        por  ^by  Cor.  i.  Prop.  XXXI.)  the  weight  is  to  the  prefigure 
99-      upon  the  plants,  as  radius  to  the  cof.  elevation.     Thetefore  the 
lOO.      prefTure  is  as  cof.  elevation  X  weight  :  and  this  is  the  force  act- 
ing againft  the  beam.     Therefore  (by  Prop.  LXVIII.)  the  ilrefs 
witl  be  as  its  lengrth  and  this  force-,  that  is,  as  the  length,   the 
weicht,  and  cof.  elevation. 

Ccr.  I.  If  the  ii'etghts  and  length  of  the  beams  he  the  fame^  the 
flrcfs  will  be  as  the  cofine  of  elevation,  and  t here] ore  great eji  when  it 
liei  horiuntal. 

Cor.  2.  If  the  beams  lie  horizo7ital^  or  at  any  equal  inclinations., 
nnd  the  -u. eight  be  as  the  length.^  then  thef.rcfs  is  as  thef^ii/ire  of  the 
length. 

Cor.  2.  If  the  weights  are  equal.,  on  the  horizonal  beam  ABy  and 
59*  lie  inclined  one  AC^  and  BC  be  -perpendicidar  to  AB  :  then  the  frvfs 
will  be  equal  upon  both. 

For  the  length  x  coC  elevation  is  the  fame  in  both,  or  ACx 
col.  y^=y:/5x  radius. 

Cor..  A.  But  if  the  weights  07i  the  fa m^  beams  be  as  their  lengths, 
then  the  ftrefs  will  alfo  be  as  their  lengths^  AB  and  AC. 

Cor.  5.  And  univerally,  theflrefs  upon  any  point  of  a  fl oping  beajn^ 
is  as  the  re^angle  of  the  fegments^  and  the  weighty  and  cof.  inclina- 
tion dire^ly^  and  the  lengih  of  the  beam  reciprocally. 
97*  For  in  the  horizontal  beam  AB,  if  the  weight  W  lie  upon  C, 

the  prefTure  at  A  v;ill  be  £^  x  JV-     And  (by  Prop.  LXIX.) 

AB 

this  prefifure  or  force xdillance  AC^    will  be  as    the  ftrefs  at  C; 

that  is,  ^^-^-^  X  ^/^is  as  the  ftrefs  at  C.  And  if  the  beam  lie 

AB 
a  Hope,  the  ftrefs  (by  Cor.  1.  Prop  XXXI.)  will  then  vary  in. 
proportion  to  the  col.  elevation. 


PROP.     LXXIII. 

If  any  beam  of  timber  be  to  fupport  any  weight.,  or  preffure^  or  force., 
atVmg  laterally  upon  it,  the  breadth  multiplied  by  the  fojiare  of 

the 
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the  depths  or  inftmilarJe5iions^  the  cube  cf  the  diameter^  in  every 
place ^  ought  to  he  proportional  to  the  length  multiplied  by  the 
ueight  or  force  a£iing  on  it,  or  as  thejlrefs  in  that  place.  And 
the  Jams  is  true  of  Jeveral  different  pieces  of  timber  compared 
together. 

For  every  feveral  piece  of  timber,  as  well  as  every  part  of 
the  lame  timber  or  beam,  ought  to  have  its  ftrength  propor- 
tioned to  the  weight,  force  or  preflure  it  is  to  fiiftain.  And 
therefore  zhe firength  ought  to  be  univerfally  as  thejlrefs  upon 
it.  But  (by  Prop.  LXVII.)  the  ftrength  is  as  the  breadth  x 
fquarcof  the  depth.  And  (by  Prop.  LXIX.)  the  ftrefs  is  as 
the  weight  or  force  x  by  the  diftance  it  ads  at.  And  therefore 
thefe  mult  be  in  an  invariable  ratio. 

Cor.  I .  If  AEB  be  a  prominent  beam  fixt  at  the  end  AE^  and 
fujtaining  a  weight  at  the  other  end  B.  And  if  the  fe£lions  in  all 
places  be  fimilar  figures,  and  CD  be  the  diameter  in  any  place  C, 
then  CB  izill  be  every  where  as  CD\  And  if  ACB  be  a  right  line, 
EDB  will  be  a  cubic  parabola.  Therefore  i  of  fuch  a  beam  may 
be  cut  away  without  any  diminution  of  the  Jlrength. 

But  if  I  he  beam  be  bounded  by  two  parallel  planes,  perpendicular 
to  the  horizon,  then  CB  zvill  be  as  CD~,  and  then  EDB  will  be  the 
common  parabola.  Whence  a  third  part  of  a  beam  may  be  thus  cut 
away. 
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Cor.  2.  But  if  a  weight  prefs  uniformly  on  every  part  of  AB,  and 
the  feElions  in  all  points  as  C,  hefimilar-,  then  BC^  will  he  every 
where  as  CD\  and  EDB  a  femi-cuhical parabola.  Id 

But  if  the  beam  be  hounded  by  parallel  planes,  perpendicular  to  the 
horizon^  then  BC  will  be  as  CD,  and  EDB  a  right  line.  Here  half 
a  beam  may  be  cut  away  without  lofing  any  firength. 

Cor.  3.  If  AB  he  a  beam  fuppor ted  at  both  ends,  and  if  it  hear  a 
weight  in  any  variable  point  C,  or  uniformly  on  all  the  parts  of  it. 
And  if  all  the  jetTions  be  fimilar  figures,  and  CD  he  the  diameter  in 
that  place  C,  then  will  CD^  be  every  where  as  ACxCB. 

But  if  it  be  bounded  hy  two  parallel  planes,  perpendicular  to  the 
horizon,  then  will  CD'^  he  every  where  as  ACxCB,  and  therefore 
the  curve  ADB  is  an  ellipfts,fuppoJing  AB  a  right  line. 

104. 
Cor.  4.  Hut  if  a  weight  be  placed  at  any  given  point  P.  and  all 
feElions  are  fimilar  figures,  and  if  CD  be  any  diameter,  then  will 
BC  be  as  CD\  and  A^and  B^^nre  two  cubic paraholasn 

But 
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FIG.        -Sw/  if  the  henm  be  bounded  hy  two  parallel  planes,  perpendicular 
104.     to  the  horizon,  then  BC  is  as  CD\  and  J^  and  B^are  two 
common  parabolas. 

Cor.  5.  All  circular  plates,  whether  great  or  little,  being  of  the 
fame  matter  and  thicknefs,  and  fupported  all  round  on  the  edges ^  wiil 
bear  equal  weights.     The  fame  is  true  of fquare  plates.,  or  any  fimilar 
°      ones. 

For  let  AD,  ad,  be  two  fquares,  and  let  them  firfl:,  be  only 

^  *     fupported  at  the  ends  AB,   CD,  zndab,  cd.  Then  by  this  Prop. 

(fince  the  thicknefs  is  given)  AB  :  ACx  weight  on  AD  :  :   ab 

:  ac  X  weight  on  ad.,  and   weight  on  AD  :  weight  on  ad  :  : 

^:  dL,  but—  -  ~,  therefore  weight  on  AD  =  weight 
AC       ac  AC  ac 

on  cd,  when  the  plates  are  only  fupported  by  AB,  CD,  and 
ab,  cd.  And  for  the  fame  reafon  the  weights  v/ill  be  equal, 
when  only  fupported  by  the  fides  AC,  BD,  and  ac,  bd.  And 
confequently  the  weights  vv'ill  flill  be  equals  when  the  plates  are 
fupported  by  all  four  fides,  in  which  cafe,  twice  the  weight 
will  be  fupported  ;  and  the  fame  holds  equally  true  of  all  fimi- 
lar  figures.  For, 
^9^'  Let  AD,  ad,  be  two  hollow  circles,  draw  the  inscribed  fquares 
ABCD,  abed,  thefe  fquares  are  fupported  upon  the  four  fides 
AB,  BD,  DC,  CA,  and  ab,  bd,  dc,  ca,  by  the  continuity  of 
the  plates;  therefore  the  weights  will  be  equal,  as  was  proved 
before.  And  that  the  continuity  of  the  plates  will  equally  fup- 
port  the  weights  in  both  circles  is  plain,  becaufe  the  ftrength 
of  both  fegments  AB,  ahy  are  equal,  the  length  being  as  the 
breadth. 

Cor.  6.  Hence,  the  weight  a  fquare  plate  will  bear  : 
To  the  weight  which  a  bar  of  the  fame  matter  and  thicknefs  will  bear  :  ; 
As  twice  the  length  of  the  bar  : 
To  its  breadth. 

And  a  circular  plate  is  but  very  little  weaker. 

S  C  H  O  L. 

All  thefe  things  appear  from  the  foregoing  propofitions ;  but 
it  is  here  fuppofed  that  the  timber  is  homogeneous  and  of  the 
fame  goodnels,  othervvifcj  a  proper  allowance  mud  be  made  for 
the  defeft.  And  what  is  here  faid  of  pieces  of  timber,  holds 
equally  true  of  any  other  folid  bodies,  fuch  as  pieces  of  metal, 
ftone,  ^^.  And  if  pieces  of  timber  or  metal  be  cut  into  the 
7  figures 
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F  I  G. 
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figures  mentioned  in  the  foregoing  corollaries,  all  the  parts  will 
be  difpofed  to  break  together.     And  if  a  ipring  is  to  be  made,    291 
Its  fhape  ought  to  be  as  in  Cor.  i.  and  then  every  part  will 
bear  a  ilrefs  proportional  to  its  itrength. 


PROP.     LXXIV. 

If  a  weight  Abefupported  upon  the  end  of  a  crooked  pkc^  of  timber    ,q^ 
ABD-,  and  from  the  ends,  a  Iin£  AB  be  drawn  perpendicular  to 

'^  ^ihe  horizon^  q-nd  from  the  angle  B,  the -line  BC  perpendicular  to 
AD  i   tbejlrefs  at  B  will  be  as  the  perpendicular  BC, 

.•-,'■'  '  '  "3^    ,- '  "  '        ' 

For  as  the  weight  A  afts  not  in  diredion  ^5,  but  in  direc- 
tion AD,  therefore  it  is  the  fame  as  if  it   were  applied  at  the 
point  C;  but  a  force  applied  at  C,  has  a  greater  power  to  b^eak 
the  timber  at  B,  in  proportion  ais  the  leaver  BC  is  longer,     l^his 
.force  therefore,  or  the  ftrels  at  B,  is  as  BC,  ,  ^ 

Cor.  I .  Hence,  if  any  two  forces  aSlingfrom  or  againfi  one  ayiother,  106, 
at  the  ends  A,  F,  of  any  crooked-  beam  ABDEF,  and-  keep  one  an- 
other in  equjlibrio  ;  and  the  line  AF,  or  the  dire5lion^  of  the  forces 
being  drawn,  thejirefs  at  any  point,  is  as  the  perpendicular  upon  AF. 
So  thejirefs  at  b  is  be ;  at  B,  BC,  at  D,  DI ;  at  E,  EK  -,  and  at 
.  G,  H,  nothing. 

Cor.  2.  Hence  alfo,  that  the  Jirength  in  any  part  b,  may  be  pro- 
portional to  thejirefs  there,  the  breadth  multiplied  by  the  fquare  of 
the  depth,  muft  be  as  the  perpendicular  be,  recMoni?ig  that  the  depth, 
which  is  in  the  plane  paffing  through  AF, 


PROP.    LXXV. 

Having  the  length  AB  and  weight  W,  of  a  cylinder  or  prifm,  that    107, 
can  juji  fupport  the  weight  F  at  the  end,  to  find  the  length  of  an-    108. 
other  beam  FG,Jimilar  to  the  former,  and  of  the  fame  matter,  that 
willjuji  break  with  its  own  weight,  or  only  fupport  itfdf 

Since 
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F  I  G.        Since  the  weights  of  fimilar  folids  of  the  fame  matter,  are 
as  the  cubes   of  the  lengths,  it  will    be,    JB^  :  JV  w    FG^  : 

107.       r/^5 

,nR      t—L  fF—  the  weioht  of  the  beam  GH.     Then    by  Cor.  2. 

Prop.  LXVII.  the  ftrength  of  the  btam  AB  is  JO;  and  of  FG", 
is  FHK     And  by  Prop.  LXIX.  the  ftrefs  at  J  is  i/F+Z^x  /IB. 

FG^ 

And  the  flrtls  at  i^ PFx  FG.     'And    fince    the  beams 

2/iB^ 

are  both  fuppofed  to  break  with  thele  weights  -,  therefore  the 
(Irength    muft    be    as    the    flrefs ;     that    is,    ilV+FxJB  : 

^!2L  TV  (".  AC'  '.  FW)'.  :  AB'  :  FG\     Whence  ££^' 
2AB'  ^      -  2 


-FG'xABx  ilV+P-     Or FGxfV~ABxJV^2P,     Whence 
JV :  JV-{-2P':  :  AB  :  F'G,  the  length  required: 


-Cor.  u  IfefF=P.     Then  FG- ABx  i-{-2e.  , 

Cor.  2.  Hence  there  is  ofie  '^nd  only  one  heam^  thai  will  juji  break 
by  its  own  'weighty  or  jujijujlain  itfelf. 

Cor.  3.  The  fame  Prop,  will  likewife  hold  goody  in  regard  to  two 
beams  fupported  at  both  ends  and  breaking  in  the  middle,  by  Cor.  3. 
Prcp.'LXy..  '  .    ■  / 

Ccr.  4.  If  the  beam  FG  break  by  its  own  weighty  a  beam  of  twice 
the  length  ofFG,  and  fuppor ting  at  both  ends,  will  alfo  break  by  its 
own  weight ;  or  if  one  fuftain  itfelf.,  the  other  will. 

For  the  ftreis  is  the  fame  in  both  of  them,  by  Cor.  3.  Prop. 
LXX.  and  Cor.  i.  Prop.  LXXI.  each  of  them  being  equal  to 
the  ftrefs  of  a  beam,  twice  the  length  of  FG.,  and  iufpended  in 
the  middle. 


PROP.     LXXVI. 

109,     If  c^y^y  weight  be  laid  on  the  beam  AB.,  as  at  C,  or  any  force  applied 
no.  ^^  '^  ^-^  ^  '■>  ^^^  beam  will  be  bent  through  a  fpace  CD  propor- 

tional to  the  weight  or  force  applied  at  C.     And  the  reftjiance 
of  the  beam  will  be  as  the  fpace  tt  is  bent  through  nearly. 

%  U 


^5 


■q. 
a. 


^ 


->    ■■ ^r.       '      ^      "  c  ^ 

C  ^.1 fy J       piMMIlMfflM li!M|l!!l»jil!IIIIWIl'i:Mmillf 

g...— ■ ...^^^  ^     96   I      A 
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In  order  to  find  the  law  of  refiftance  of  beams  of  timber  or  *"  ^  ^• 
fuch  like  bodies,  againft  any  weights  laid  upon  them,  or  drain-  *°9' 
ing  them,  1  took  a  piece  of  wood  plained  fquare,  and  fupport-  ^*°^ 
ing  it  at  both  ends  A,  B,  I  laid  fuccefilvely  on  the  middle  of  ic 
at  C,  I,  2,  3,  4,  5,  6,  7,  and  8  pounds ;  and  I  found  the 
middle  point  C  to  defcend  through  the  fpaces  1,2,  3,  4,  5,  6, 
7,  and  8,  refpectively.  And  repeating  the  fame  experiment 
with  the  weights  3,  6,  9  lb.  they  al!  defcended  through  fpaces, 
cither  accurately  or  very  nearly  as  the  numbers  i,  2,  3.  1  tried 
the  fame  thing  with  fprings  of  metal,  and  found  the  fpace 
through  which  they  were  bent,  proportional  to  the  weigfit  fuf- 
pended.  I  alfo  tried  feveral  experiments  of  this  kind  with 
wires,  hairs,  and  other  elaftic  flexible  bodies,  by  hanging  weights 
at  them  :  and  I  found  that  the  increafe  of  their  lengths,  by 
flretching,  was,  in  each  of  them,  proportional  to  the  weights 
hung  at  them  :  except  when  they  were  going  to  break,  and 
then  the  increafe  was  fomething  greater.  It  may  be  obferved, 
that  none  of  thefe  bodies  regamed  their  firfl:  figure,  when  the 
weights  were  taken  off,  except  well  tempered  fprings  j  fo  that 
there  are  no  natural  bodies  perfe6lly  elaftic.  And  even  fprings 
are  obferved  by  experience  to  grow  weaker  by  often  bending^ 
and  by  remaining  fome  time  unbent,  will  recover  part  of  their 
flrength:  and  are  fomething  flrongerin  cold  than  in  hot  weather. 
But  at  any  time  afpring,  and  all  fuch  bodies  obfervethis  law,  thac 
they  have  the  leaft  refiftance  v/hen  lead  bent,  and  in  all  cafes 
are  bent  through  fpaces  nearly  proportional  to  the  v/eights  or 
forces  applied.  And  therefore  I  think  this  law  is  fufficiently 
eftablifhed,  that  the  refiftance,  any  of  thefe  bodies  makes,  is 
proportional  to  the  fpace  through  which  it  is  bent,  or  that  it 
txerts  a  force  proportional  to  the  diftance  it  is  ftretched  to. 

The  knowledge  of  this  property  of  fpringy  bodies  is  of  great 
ufe  in  mechanics,  for  by  this  means  a  fpring  may  be  contrived 
to  pull  at  all  times  with  equal  ftrength,  as  in  the  fufee  of  a 
v.'atch  i  or  it  may  be  made  to  draw  in  any  proportion-  of  ftrength 
required. 

The  adionof  a  fpring  may  be  compared  to  the  lifting  up 
a  chain  of  weights,  lying  upon  a  plane,  or  to  the  lifting  a  cy^ 
Under  of  timber  out  of  the  water  endways* . 


PROP. 
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PROP.     LXXVII. 

I  ^  !•    'itofind  the  lateral  ftrength  of  any  beam  of  timber ^  whofe  traiifverft 
fe^ion  !S  any  fgure  whatfoever. 

Let  ERG  be  the  fedion  of  the  l^eam  in  the  place  where  it 
breaks.  Draw  the  ordinates  7iV,  i;;,  inSnitely  near  each  other, 
and  parallel  to  the  bafe  RQi. 

PutER-d  EI-x 

RG-b  IR-v 

lN=y 
<The  ahfolute  firength  of  one  fibre  of  the  wcod  rr  i. 
When  the  beam  breaks,  it  is  done  by  the  reparation  of  the 
parts  of  che  wood  at  F..  Therefore  ^RE  muft  be  efteemcd  a 
bended  leaver,  whofe  fulcrum  is  at  R.  When  the  beam  breaks, 
the  fibrt'S  at  E  are  ilretch  to  their  full  ftrength,  but  thofe 
nearer  R  are  lefs  ftretched,  and  exert  lefs  force  or  refinance  in 
proportion  to  their  diftance  from  R  (by  the  laft  Prop.) ;  and 

therefore  the  refiftance  of  a  fibre  at  /  z;  — ;  and  the  refiftance 

d 

of  all  the  fibres  in  the  parallelogram  In,  —  —  xin;  and  the 

d 

power  of  all  the  fibres  in  the  parallelogram,  in  regard  to  the 

brachium  IR^  is  —  X-/«.     And  the  fum  of  all  the  powers 

d 

in  the  whole  fc6tion  =  fum  of  all  the   __    x  Tn. 

a 

Let  ^,^,  be  the  diftanceof  the  center  of  gravity  and  perculTion 
from  RG,  as  the  axis  of  motion. 

Then  (by  Cor.  i.  Prop.  LVII.)  the  fum  of  all  the  vvxln 
— ^pxfum  of  all  the  In—gpx^^^^^on  ERG.     And  the  fum  of 

all  the  —  x/«=  —  X  feftion  ERG.     Therefore  the  ftrength 
d  d 

of  the  beam  at  .S,  is  zz:  i^X  fc'^ion  ERG. 

d 

112.       Cor.  I.   If  there  be  taken  RO  =  IZ.  •,   then  all  the  filres  of 

d 

the  ivood  being  fufpofd  to  be  cclle5ied  in  O,  and  a^ing  there  with 
their  jv.ll  fir  ength  \  their  total  ftrength  at  O,  fhall  be  equal  to  the 
firength  of  the  beaniy  at  the  fe^iion  ERG. 

7  For 
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Fpr  fuppofe  0  to  be  fuch  a  pointi  then  the  ftrength  of  the 

'-'FIG. 

beam,  or  ^  x  feaion  ERG  zz  RO  a  region  ERG  y  and  i?0    112. 

d 

d.  * 

Cor.  2.  If  the  fe^'ion  he  a  'parallelogram.  gzr.\d^  end  pzzW^ 
therefore  RO^i-rd. 

In  a  circle  whofe  diameter  is  ER,  gzz^d,  P=^^>  ^^^  ROzz^^-^d, 
zii\d  nearly^  as  in  the  parallelogram. 

In  the  periphery  of  a  circle  {the  beam  hting  a  hollow  cane)  gzz^d, 
and  piz^d-i  whence  ROzz^dzz^d  nearly  •,  as  in  the  parallelogram. 

In  a  triangle  whofe  bafe  is  at  E  parallel  to  the  horizon.,  and  ver- 
tex at  R;  g-zz. 4^,  and  pzz^d^  arid  RO zz  ~d.  And  its  firength — t i 
X  area  of  the  triangle. 

Cor.  2.  ^he  firength  of  a  cylinder  when  twifled.,  zvrefled.,  or  wrung    280.- 
round  its  axis,  is^  equal  ta  the  lateral  fir ength  of  a  triangular  beam 
whofe  heigh tzzradius^  bafezz circumference  of  the  cylinder ;  and  ver- 
tex of  the  triangle  at  D. 

For  let  AD  zz  r,  circ.  DEFG  zz  c,  Ap  zz  v^   circ.  p^r  —  —. 

r 

The  refiftance  of  a  fibre  at  D  is  i,  and  at  ^  is  —  — ,  and  the 

r 

renitance    of    all    the   fibres  in  pqr   is   —   _!l_;     and    the 
power  of  all  the  fibres  in pqr,  in  regard  to  the  brachium  Ap  is  :z: 

_  X  'V  i  and  the  total  power  of  all  the  fibres  in  the  whole  fcc- 
rr 

c  c 

tion  DEFG  is  =  —  x  fumofall  the  -u'  —  —  x  i^  rr  2'  +  3^ 

rr  rr    1  ':iri 

-f  4^ . .  to  r'  zi  *  —  X  — ;  therefore  the  ftrength  is  zi  — 
rr     4  4 

And   in  the   triangle,  the  area  being  — ,  and  d  zz  r,    the 

2 

ftrength  —  ~dx  —  zz  — ,,  the  famC  as  for  the  twifted  cylinder. 

2       4 

S  C  H  O  L. 

This  Cor.  2.  does  not  agree  fo  well  with  timber  as  metal,  for 
the  texture  of  wood  is  not  the  fam<;  in  length  as  breadth.     For 

•  IVar^^  Math.  Guide,  Part  V.  Lcm.  4. 

P  2  ali 
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^'  ^  ^'  all  wood  is  compofed  of  long  flender  tubular  fibres,  joined  to- 
gether by  a  glutinous  matter,  which  is  eafily  feparated  ;  and 
therefore  wood  is  much  more  eafily  fplit  than  broken. 


PROP.     LXXVIIL 

^^'     Given  the  vjeight  that  will  break  a  beam  laterally^  to  find  how  much 
will  break  it  when  drawn  in  dire^ion  of  its  length. 

Let  BR  be  the  beam. 
Put  I  ~  its  length  DE, 

W  -zz  weight  applied  at  D,  that  can  break  it  at  E, 
d  —  depth  ER, 

g  —  dijiance  of  the  center  of  gravity  of  the  fe^ionERG  from  R-^ 
p  zz.  dijlance  of  the  center  of  percuffton  of  ERG  from  RG, 

'J^hen  —  W  zzL  weight  that  will  break  it  when  drawn  in  dire^ion  of 
gP   ■ 
its  length. 

But  if  the  beam  be  fupported  at  both  ends,  and  the  weight  breaks  it 
in  the  middle ;  g  and  p  muft  be  meafurcd  from  the  upper  fide,  and 
take  I  for  half  its  lengthy  W  for  half  the  weight  that  breaks  it. 

For  by  Cor.  i.  of  the  lafi:  Prop.  \i  RO  zr.  ^,  then  all  the 

d 

fibres  of  the  beam  a£ling  at  0,  will  be  equal  to  the  flrength  ot* 

the  beam;  and  fince  W,  applied  at  Z),  can  break  it  in  either 

cafe,  therefore  by  the  nature  of  the  leaver,  it  will  be,  /  X  ^  ^ 

RO  X  abfolute  flrength  =  €£   x  abfolute  ftrength,  therefore 

d 

the  abfolute  flrength  =: ,  or  the  weight  that  can  break  it, 

when  drawn  m  length. 

Cor.  Hence,  if  there  be  taken  RL  —  ^,  tUn  the  weight  which 

d 

being  applied  at  L,  willjufi  break  the  beam  horizontally^  the  fame 

willjujl  pull  it  afunder,  when  applied  lengthways . 

For  then  /  —  S  ,  and  weight  lV-=.  refiftance  at  0  =-  ftrengtii 
d 

of  the  whole  beam. 

Therefore 
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Therefore  if  a  piece  of  oak,  an  inch  fquare  and  a  foot  long,   p  j  ^^ 
fupported  at  both  ends,  bears  315  lb.  before  it  breaks  ;  it  will    jj^/ 
bear,  when  drawn  in  length,  20351b.  or  i  ton,  5  hundreds,  2 
ftone  7  pound  ;  that  is  above  a  ton  and  a  quarter. 

S  C  H  O  L, 

Here  we  all  along  fuppofe  that  the  fulcrum  at  P.  remains 
fixt  -,  but  if  it  fliould  vary  by  the  denting  in  of  the  parts  at  Ry 
it  will  caufe  a  little  variation  in  theftrength,  and  make  the  beam 
fomething  weaker  laterally.  And  that  it  will  yield  a  little  this 
■way,  is  evident  from  experiments ;  for  the  hardeft  bodies,  fuch 
as  glafs  in  fmall  threads,  may  be  extended  in  length,  and  con- 
fequently  may  be  contracted  by  a  contrary  force  ;  and  balls  of 
glafs  or  vvocd,  let  fall  upon  a  hard  body,  will  rebound ;  which 
they  cannot  do  without  the  denting  in  of  the  parts. 


PROP.    LXXIX. 

ffa  weight  he  laid  upon  the  flr eight  beam  JB,  fupported  at  bofh     j  j^, 
ends^  its  bending  or  curvature  will  be  nearly  as  the  weight  and 
length  dire^ly ;  and  as  the  breadth  and  cubs  of  the  depth  recipro- 
cally. 

It  is  found  (by  Prop.  LXXVI.)  that  if  feveral  weights  be  laid 
fucceflively  upon  a  horizontal  beam  AB^  the  fpace  CDB,  thro* 
which  the  point  D  defcends,will  be  as  the  weight  it  bears.  Now 
the  parts  at  e,  /,  which  are  contiguous  at  the  beginning  of  the  de- 
fcent,  are  gradually  feparated;  till  at  laft  the  beam  breaks. 
At  which  time,  when  it  can  bear  no  more,  the  infinitely  fmall 
diftance  ef  is  a  given  quantity.  If  CD  be  fuppofed  very  fmall, 
then  CD  is  as  the  curvature  at  D,  and  this  curvature  is  as  the 

infinitely  fmall  angle  eDf,  that  is,  as  iL,  and  when  it  breaks, 

as    ' 

Let  L  be  the  length  of  any  beam,  ^its  breadth,  D/its  depth, 
then  (by  Prop.  LXXIII.)  its  (trength,  or  the  weight  it  will  bear, 

isasiil^'.  Therefore  put  i2Si^"'  for  the  greatcft  weight,  and 

I 
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P  J  G^    J— for  the  curvature  when  breaking  ;  IF  for  any  other  weight, 
'^'^'     and    C  the    correfpondent    curvature.     And    it    will   be   as 

'IT  '  Df"       '  hxBp 

Cor.  I.  '^he  quantity  of  deffexio7i  CD  of  any  beam  is  as  the  w sight 
ei.7id  cube  cf  the  length  dire^ly^  and  the  breadth  and  cube  of  the  de-pth 
reciprocally. 

For  when  CD  is  very  fmall,  ADB  is  very  near  a  circle,  or 
nearer  a  parabola;  fuppofe  it  a  circle,  and  let  its  radius  be  R^ 

then  iR  X  CD—AD"-  or  \LL\  therefore  —    iz  -L.  whence 

LL  SR 

!_;  is  as  the  curvature  C,  that  is  as ,  or  CD  is  as. 1_: 

LL  .  b^Df^  bxDp 

And  if  ACB^  the  original  pofition  of  the  beam,  is  not  a  right  linej 
yet  CD  will  ftill  be  of  the  fame  quantity. 

Cor.  2.  Infimilar  homogotous  flreighi  bodies  the  curvature  is  as  the 
'voeight  directly ^  and  cube  of  the  depth  reciprocally  ;  but  the  defiexion 
CD  is  as  the  weight  dire^ly^  and  depth  reciprocally. 

Cor.  2.  In  fimilar  bodies  bending  from  a  flreight  line  by  their  own 
iveight^  the  cwvature  is  given,  and  the  deflexion  is  as  the  fquare  of 
the  depth » 

Cor.  4.  In  theutmoft  flrength  of  beams ^  or  their  breaking px)fition.,. 
the  curvature  is  reciprocally  as  the  depth,  and  the  deflexion  as  ths 
fquare  of  the  length  din^ly  and  the  depth  reciprocally,. 

For  then  bxDf'-  is  as  LJV, 

Cor.  5.  J'Vhat  isfaid  of  freight  beams  is  equally  true  of  any  beams^ 
inregard  to  the  increafe  cr  variation  of  curvature^andta  the  defieLiion 
from  their  original  pofition, 

s  e  H  O  L. 

What  is  faid  of  beams  of  timber  in  this  fedliion,  is  equally  ap-- 
•  plicable  to  any  folid  bodies,  aded  or^in  a  like  manner  as  by 
weights.  There  are  fome  bodies  in  which  a  very  little  bend- 
ing may  have  a  great  effeft,  as  in  the  glafles  of  large  telefcopes. 
For  (by  Cor.  3.  of  the  laft  Prop.)  the  deflexion  from  their 
true  figure,  arifing  from  their  ov/n  weight,  is  as  the  fquare  of 

the 


5ea.  VIII.  o  F    T  I  M  B  E  R.  iii 

the  diameter,  when  the  glafles  are  fimilar.     And  though  this  be   fig. 
Jnfenfible  in  imali  glaflcs,  it  may  produce  fome  fenfible  error  in 
large  ones ;  and  the  lame  may  happen  to  them  in  grinding  by 
too  muth  prefifure. 

±^rom  the  foregoing  propofitions  it  follows,  that  if  a  certain 
beam  of  timber  be  able  to  fupport  a  given  weight,  another  beam 
of  the  fame  timber,  fimilar  to  the  former,  may  be  taken  fo  great 
as  to  be  able  butjuft  to  bear  its  own  weight;  and  any  bigger 
beam  cannot  fupport  itfelf,  but  muft  break  by  its  own  weight-, 
and  any  lefs  beam  will  bear  fomething  more.  For  the  flrength 
being  as  the  cube  of  the  depth,  and  the  ftrefs  being  as  the  mat- 
ter and  length,  is  as  the  4th  power  of  the  depth  :  it  is  plain  the 
ftrefs  increafes  in  a  greater  ratio  than  the  ftrength.  Whence  ic 
follows,  that  a  beam  may  be  taken  fo  large,  that  the  ftrefs  may- 
far  exceed  the  ftrength.  And  chat  of  all  fimilar  beams  there  is 
but  one  that  will  fupport  itfelf,  and  nothing  more.  Likewife  if 
any  beam  can  make  10  times  its  own  weight,  no  other  fimilar 
beam  will  do  the  fame.  And  the  like  holds  in  all  machines, 
and  in  all  animal  bodies.  And  hence  there  is  a  certain  limit, 
in  regard  to  magnitude,  not  only  in  all  machines  and  artificial 
ftruclures,  but  alfo  in  natural  ones,  which  neither  art  nor  nature 
can  go  beyond,  fuppofing  them  made  of  the  fame  matter,  and 
in  the  fame  proportion  of  parts. 

Hence  it  is  impoftible  that  mechanic  engines  can  be  increafed 
to  any  bignefs.  For  when  they  arrive  at  a  particular  fize,  their 
feveral  parts  will  break  and  fall  afunder  by  their  weight;  neither 
can  any  buildings  of  vaft  bignefs  be  made  to  ftand,  but  muft  fall 
to  pieces  by  their  great  weight,  and  go  to  ruin.  Vaft  columns 
and  pyramids  will  break  by  their  weight  and  tumble  down. 

It  is  likewife  impoftible  for  nature  to  produce  animals  of  any 
vaft  fize  at  pleafure,  or  any  fuch  thing  as  giants,  or  men  of  pro- 
digious ftature-,  except  fome  fort  of  matter  can  be  found  to 
make  the  bones  of,  which  is  fo  much  harder  and  ftronger  than 
any  hitherto  known  •,  or  elfe  that  the  proportion  of  the  parts  be 
fo  much  altered,  and  the  bones  and  mufcles  made  thicker  in 
proportion,  which  will  make  the  animal  diftorted  and  of  a  mon- 
ftrous  figure,  and  not  capable  of  performing  any  proper  adlion. 
And  bemg  made  fimilar,  and  of  common  matter,  they  will  not 
be  able  to  ftand  or  move,  but  being  burdened  by  their  own 
weight  muft  fall  down. 

Thus  it  is  impofhble  that  there  can  be  any  animal  fo  big  as  to 
carry  a  caftle  upon  his  back,  or  any  man  fo  llrong  as  to  remove 
a  mountain,  or  pull  up  a  large  oak  by  the  roots :  nature  will  not 

admit 
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F  I.e.   admit  of  thefe  things,  whence  its  impoffible  there  can  be  anK 
mals  of  any  fort  beyond  a  ckternriinate  b  gnefs. 

Filh  may  indexed  be  produced  to  a  larger  fize  than  land  ani- 
mals, becaiife  their  weight  is  fupported  by  the  water;  but  yet 
they  cannot  be  increaled  to  imrnenfity,  becaufe  the  internal  parts 
will  prel's  upon  one  another  by  their  weight  and  deflroy  their 
fabric. 

On  tlie  contrary,  when  the  fize  of  animals  is  diminifhed,  their 
flrength  is  not  dimifiied  in  the  lame  proportion  as  the  weight. 
And  therefore  a  fmall  animal  will  carry  far  more  than  its  own 
weighr,  whiifl:  a  great  one  cannot  carry  fo  much  as  its  weight. 
And  hence  it  is  that  fmall  animals  are  more  aftive,  v/ill  run 
fafter,  iump  farther,  or  perform  any  motion  quicker,  for  their 
weight,  than  large  animals ;  for  the  lefs  the  animal  the  greater 
the  proportion  of  the  ilrength  to  the  (Irefs.  And  nature  feems^ 
to  know  no  bounds  as  to  the  fmallnefs  of  animals,  at  Icaft  in  re- 
gard to  their  weight. 

Neither  can  any  two  unequal  and  fimilar  machines  refifl:  any 
violence  alike,  or  m  the  fame  proportion;  but  the  greater  will 
be  more  hurt  than  the  lefs.  And  the  fame  is  true  of  animals,, 
for  large  animals  by  falHng  break  their  bones,  whiifl:  leffer  ones 
falling  higher  receive  no  damage.  Thus  a  cat  may  fall  2  or  3. 
yards  high  and  be  no  worfe,  and  an  ant  from  the  top  of  a  tower. 

It  is  likewife  impofllble,  in  the  nature  of  things,  that  there 
can  be  any  trees-of  immenfe  bignefs-,  if  there  were  any  fuch,. 
their  limbs,  boughs,  and  branches,  muft  break  and  fall  down 
by  their  great  weight.  Thus  it  is  impofllble  there  can  be  an  oak. 
a  quarter  of  a  mile  high  ;  fuch  a  tree  cannot  grow  or  ftand,  but 
its  limbs  will  drop  off  by  their  weight.  And  hence  likewifej 
leffer  plants  can  better  fuftain  themfelves  than  large  ones  can  do. 

Neither  could  a  tree  of  an  ordinary  fize  be  able  to  fland  if  it. 
was  compofed  of  the  fame  tender  matter  that  fome  plants  con- 
{ii\  of;  nor  fuch  a  plant  if  it  were  much  bigger  than  common. 
And  that  plants  made  of  fuch  tender  matter  may  better  fupporc 
themfelvcs  ;  nature  has  made  the  trunks  and  branches  of  many 
of  them  hollov/,  by  which  means  they  are  both  lighter  and 
flronger. 

The  propofitions  before  laid  down  concerning  the  flrength 
and  ftrefs  of  timber,  (^r.  are  alfoof  excellent  ufe  in  feveral  con- 
cerns of  life,  and  particularly  in  archite6lure ;  and  upon  thefe 
principles  a  great  many  problems  may  be  refolved  relating 
to  the  due  proportion  of  flrength  in  feveral  bodies,  according 

to 
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to  their  particular  pofitions  and  wtights  they  are  to  bear,  fome    p  j  q 
of  which  1  Ihall  briefly  enumerate. 

If  a  piece  ol  timber  is  to  be  holed  with  a  mortife  hole,  the 
beam  will  be  ftronger  when  it  is  taken  out  of  the  middle,  than 
if  it  be  taken  out  of  either  fide.  And  in  a  beam  fupporced  at 
both  ends,  it  is  ftronger  when  the  hole  is  taken  out  of  the  upper 
fide  than  the  under  one.  provided  a  piece  of  wood  is  driven  hard 
in  to  fill  up  the  hole. 

If  a  piece  is  to  be  fpliced  upon  the  end  of  a  beam  to  be  fup- 
ported  at  both  ends,  it  will  be  ftronger  when  fpliced  on  the  un- 
der fide  of  a  beam,  than  on  the  upper  fide.  But  if  the  beam  is 
fupported  only  at  one  end,  to  bear  a  weight  on  the  other,  ic  is 
flronger  when  fpliced  on  the  upper  fide. 

When  a  fmall  leaver,  iffc.  is  nailed  to  a  body  to  remove  it  or 
fufpend  it  by,  the  fl:rain  is  greater  upon  the  nail  neareft  the  hand 
or  point  w^here  the  power  is  applied. 

If  a  beam  is  fupported  at  both  ends,  and  the  two  ends  reach 
over  the  props,  and  be  fixt  down  immoveable,  ic  will  bear  twice 
as  much  weight  as  when  the  ends  only  lie  loofe  or  free  upon  the 
fupporters. 

If  a  flender  cylinder  is  to  be  fupported  by  two  pieces,  the  dif- 
tance  of  the  pms  ought  to  be  AV.'o  parts  of  the  length  of  the 
cylinder,  that  is  ^  its  length,  the  pins  equi-diftant  from  its  ends, 
and  then  the  cylinder  will  endure  the  leaif  bending  or  ftrain  by 
its  weights. 

By  the  foregoing  principles  it  alio  follovvs,  that  a  beam  fixt 
at  one  end,  and  bearing  a  weight  at  the  other,  if  it  be  cut  in  the 
form  of  a  wedge  and  placed  with  its  parallel  fides,  parallel  to 
the  horizon,  it  will  be  equally  firong  every  where,  and  no  fconer 
break  in  one  place  than  another. 

If  a  beam  has  all    its  fides  cut  into  the  form  of  a  concave     ii6. 
parabola,   whofe  vertex  is  at  the  end,  and  bafe  a  fquare,  a  cir- 
cle, or  any  regular   polygon,  fuch  a  beam   fixt   horizontal  at 
one  end,  is  equally   ftrong  throughout  for  fupporting  its  own 
weight. 

By  the  fame  principles,  if  a  wall  faces  the  wind,  and  if  the 
fection  of  it  be  a  right  angled  triangle,  or  the  forefide  be  perpen- 
dicular to  the  horizon,  and  the  backfide  terminated  by  a  floping 
plane  interfering  the  other  plane  in  the  top  of  the  wall,  fuch 
a  wall  will  be  equally  ftrong  in  all  its  parts  to  refift  the  wind  if 
the  parts  of  the  wall  cohere  ftrongly  together  ;  but  if  it  b-  built 
of  loofe  materials,  it  is  better  to  be  convex  on  the  backfide  in 
form  of  a  parabola. 
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If  a  wall  is  to  fupport  a  bank  of  earth,  or  any  fluid  body,, 
it  cu-ht  to  be  built  concave  in  form  of  a  femi-cLbical  parabola,.. 
wlKifi  vcrtrx  is  at  top  of  the  wall;  this  is  when  the  parrs  of  the. 
woli  di^l;  well  together  ;  but  if  the  parts  be  loole,  then  a  right 
Liic  or  ll^pin;^  plane  ought  to  be  its  figure.  Such  walls  will  be 
tqu.illv  llronil  throughout. 

x^U  ipires  of  churches  in  the  form  of  cones  or  pyramids,  are 
cauallv  it  onii;  in  all  parts  to  refift  the  wind;,  but  when  the  parrs, 
cohere  not'  together,    parabolic    conoids  arc    equally    ftrong.- 
throughout. 

l/.kcvvifc  if  there  be  a  pillar  ereded  in  form  of  the  logarith- 
mic curve,  the  affymptote  being  the  axis,  it  cannot  be  crulhedi 
to  oircts  in  one  part  fooner  than  in  another  by  its  own  weight. 
And  if  fuch  a  pillar  be  turned  uplide  down,  and  fufpended  at  the 
thick  end  in  the  air,  icwill  be  no  fooner  pulled  afunder  in  one  ■ 
nart  than  another  by  its  own  weight.  And  the  cafe^  is  the  fame 
if  [he  fmall  end  be  cut  off,  and  infl:cad  of  it,  a. cylinder  be  added, 
whofe  height  is  half  the  fubtangent. 

Laftly,  I^t  JE  be  a  beam  m  form  of  a  triangular  prifm,  and 

^^^'     \iAD  —  l\AB^   and  AIzz-AC,  and  the  pare  ADIhht  cut  away 

parallel   to   the  bafe,  the  remaining  beam  DICEF  will  bear  a 

crrearer  weight  P,  than  the   whole  JBCEG,  or  the  part  will  be 

itronger  than  the  v;hole,  which  is  a  paradox  ia  mechanics. . 

And  upon  the  fame  principles  an  infinite  number  of  queftions  ■ 
of  1-ke  kind  may  be  refolved,  which  are  curious  enough,  and  of 
preat  ufe  in  the  common  affairs  of  life. 

All  1  fiiali  here  add,  is  the  (Irength  of  feveral  forts  of  timberj. 
and  other  bodies,  as  I  havecolleaeri  from  experiments. 

In  the  firft  edition  of  this  book  1  had  inferted  the  ftrcngth  of 
fome  Ions  of  wood,  fuch  as  I  had  made  experiments  upon  ;  in> 
all  which,  I  gave  the  leaft  weight  which  the  woril  of  them  was 
juft  able  to  bear-,  left  any  body  computing  the  ftrength  of  a 
beam,  Paould  overcharge  it  with  too  much  weight.  And  fince 
that  time,  I  have  made  a  great  many  more  experiments,  not  only. 
upon  many  different  forts  of  wood,  but  feveral  other  bodies,  the 
refult  of  which  I  fhall  here  fet  down.  A  piece  of  g(jod  oak,  an  > 
inch  fquare,  and  a  yard  long,  fupported  at  both  ends,  vill  bear 
in  the  middle,  for  a  very  little,  time,  about  3^0  pounds  ^^vr^. 
but  will  break  with  more  than  that  weight.  This  is  at  a  medium  j 
for  there  are  fome  pieces  that  will  carry  fomething  moi^.  arid- 
others  not  fo  much  :  but  fuch  a  piece  of  wood  fhould  not  in 
praftice  be  trufted  for  any  length  of  time  with  above  a  third  or 
a  fourth  part  of  that  weight.  For  fince  this  is  the  extreme 
weight  which  the  beft  wood  will  bear,  that  of  a  woife  fort  muft 

break 
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break  with  it.  For  I  have  found  by  experience,  tli.u  there  is  i-  i  c. 
a  great  deal  of  difference  in  ilrength,  in  different  pieces  of  the 
very  fame  tree,  fome  pieces  1  have  found  would  not  bear  half 
the  weight  that  others  wouki  do.  The  wood  of  the  boughs 
and  branches,  is  far  weaker  than  that  of  the  body  ;  the  wood'of 
the  great  limbs,  is  fironger  than  that  of  the  Iniall  ones,  and  the 
wood  in  the  heart  of  a  found  tree  is  ftrongeft  of  all.  1  have 
alfo  found  by -experience,  that  a  piece  of  timber,  which  has 
born  a  great  weight  for  a  (mail  time,  has  broke  with  a  far  lefs 
weight,  when  left  upon  it  for  a  far  longer  time.  Wood  is  like- 
wife  weaker  v/hen  it  is  green,  and  ftrongefl:  when  thoroughly 
dried,  and  Ihould  be  two  or  three  years  old  at  lead.  If  wood 
happens  to  be  fappy  it  will  be  weaker  upon  that  account,  and 
-will  likewife  decay  looner.  Knots  in  wood  weaken  it  very  much, 
and  this  often  caufes  it  to  break  where  a  knot  is.  Aho  when 
wood  is  crofs-grained,  as  it  often  happens  in  fawing;  this  will 
weaken  it  more  or  lefs,  according  as  it  runs  more  or  lefs  crofs 
the  grain.  And  I  have  found  by  experience,  that  tough  wood 
crofs  the  grain,  fuch  as  elm  or  afh,  is  7,  8,  or  10  times  weaker 
than  ftreight ;  and  wood  that  eafily  fplits,  fuch  as  fir,  is  i6,  18, 
•or  20  times  weaker.  And  for  common  ufe  it  is  hardly  poilible 
to  find  wood  but  it  muft  be  fubjedl  to  fome  of  thefe  things.  Be- 
fides,  when  timber  lies  long  in  a  building,  it  is  apt  to  decay  or 
be  worm  eaten,  which  muft  needs  very  much  impair  its  firength. 
From  all  which  it  appears,  that  a  large  allowance  ought  to  be 
made  for  the  firength  of  wood,  when  applied  to  any  ufe,  efpe- 
cially  where  it  is  defigned  to  continue  for  a  long  time. 

The  proportion  of  the  ftrength  of  feveral  forts  of  wood,  and 
other  bodies  that  I  have  tried,  will  appear  in  the  following  table. 

Box,  yew,  plumbtree,  oak  —  —           ii 

Elm,  afli             —         —  —  —             81 

Walnut,  thorn            —  —  —             y-^ 

Red  fir,  hollin,  elder,  plane  —  — .         ^ 

Crabtree,  appletree             —              —  3    7 

Beech,  cherry  tree,  hazle  —  —             6* 

Alder,  afp,  birch,  white  fir  —  —          1 

Willow  or  faugh             —                S 

Iron             —             .^  

Brafs                — .                 —  _ 

Bone        —            «—             _  _ 

Lead                 —                 —  —  64 

Fine  free-ftone           —  —            
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In  this  table  I  have  put  leveral  Ibrts  of  wood  into  one  clafs 
toocthtr,  which  I  found  to  be  pretty  ntar  of  the  fame  ibength, 
as^l  found  fometimcs  one  fort  to  exceed  in  (trength  and  fome- 
limes  another,  there  being  a  great  difference  even  in  the  fame- 
fort  of  wood  •,  and  I  do  not  doubt  but  other  people  that  fhall 
make  experiments,  will  find  them  as  different  and  various  as  I 
have  done,  and  perhaps  quite  different  from  mine,  juft  according 
to  the  cToodnelsor  badnefs  of  the  wood  they  ufe.  But  I  have 
contenrt^d  myfelf  to  fet  down  what  1  found  from  my  own  ex- 
perience, as  the  rcfult  of  a  great  many  trials,  without  any  regard 
to  what  other  people  have  done  or  may  do.  What  1  fliall  fur- 
ther a.ld,  is  this,  ,        .     ,      . 

A  cylindric  rod  of  good  clean  fir,  of  an  inch  circumference^ 
drawn  in  lent2,th,  will  bear  at  extremity,  40olb.  and  a  Ipear  of 
fir  2  inches  diameter,  v^ill  bear  about  7  ton,  but  not  more. 

A  rod  of  good  iron  of  an  inch  circumference,  will  bear  near  3 

ton  weight.  .  r  -n  1 

A  good  hempen  rope  of  an  inch  circumference,  will  bear 

1000  lb.  at  extremity. 

All  this  fuppofes  thefe  bodies  to  be  found  and  good  throughout^ 
but  none-  of  thele  fliould  be  put  to  bear  more  than  a  third  or  a 
jourch  part  of  the  weight,  efpecially  for  any  length  of  time. 

From  what  has  been  faid,  if  a  fpear  of  fir  or  a  rope,  or  a  fpear 
of  iron  of  d  inches  diameter,  was  to  lift  ^  the  extreme  weighty 

ihen, 

The  fir  would  bear  84  ^i  hundred  weight. 
The  rope  22  dd  hundred  weight. 
'Vhe  iron  6  4  dd  ton  wteight. 
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SECT.       IX, 

T'ie  properties  of  fluids^  the  principles  of  hydro- 
flatics^  hydratdics^  and  pneumatics. 


PROP.     LXXX. 
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■Motion  or  prejfure  in  afuid  is  not  propagated  in  right  lines,  hut  equally    1 1 8. 
all  around  in  all  manner  of  directions. 

If  a  force  acl  at  a  in  dircftion  ^^,  that  motion  can  be  directed 
no  further  than  thefe  particles  he  in  a  right  line  as  to  c.  But 
the  particle  c  will  uige  the  particles  <^,/ob]ique]y,  by  which  that 
motion  is  conveyed  to  ^,  g.  And  thefe  particles  ^/^,'  will  urge 
the  particles  77,  ^,  and  r,  s  cbhquely,  which  lie  neareil  them. 
Therefore  the  preflure,  as  focn  2s  it  is  propagated  to  particles 
that  lie  out  of  right  lines,  begins  lo  defltcl  tovv/ards  one  fide  and  , 
the  other,  and  that  prc-fllire  being  farther  continued,  will  defle(5t 
into  other  oblique  directions,  and  fo  on.  ..Therefore  "the  preflure 
and' motion  is  propagated  oblique.lyad  infinitum,  and  will  there- 
fore be  propagated  in  all  diretliortS.  ■ ' 

Cc  r.  If  any  fart  of  a  preffure  pro'^agated  through  'a' fluids  "he  fibpt    119- 
ly  an  obftacle^  tkextmaining  part  will  defeCi  into  the  fpaces  behind  the 
oiflach.     Thu's '  if  'a-  'w^'ve  proceeds" ffdm  C,  and  a  part  goes  through 
the  hole  A,  it  expands  itfelf^  ard  for?M''a  trewzvave  'b'eyb/id  the  hole, 
."juhich  moves  forward  in  a  femi-circk  ruohafe  anter  isfhe  hole., 

'  ■  -Fftrinj^  fiatt  of '^ "fluid  prefllng  lagainft  the  next  is'.etiually  rc- 
acled  ori  by  the  next,  and  th  ;c  by  the  next  to  if,  and  fo  on  -,  from 
whepce^ follows  a  lateral  prelTure  (equal  to  thedircrtft  preflure) 

.  i'rfto'rl/e'^laces  behind  the  obitacle.' 
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PROP.     LXXXI. 

Ajiuid  can  only  he  at  reft  when  its  furface  is  placed  in  a  horizontal 

fituation. 
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For  let  ABCD  be  a  veflcl  of  water  or  any  fluid  :  and  let  /IB 
be  parallel  to  the  horizon.  Suppole  the  furface  of  the  liquor  to 
be  in  the  pofition  FE.  Then  becaufe  the  parts  of  ihe  fluid  are 
cafily  moveable  among  themfelves  •,  therefore  (by  ax.  7.)  the 
hif^her  parts  at  E  will,  by  their  gravity,  continually  defcend  to 
the  lower  places  at  F.  Alio  the  grearer  prefllire  under  E  and 
the  Icller  under  F,  will  caufe  the  parts  at  E  to  delcend,  and 
thofe  at  F  to  afcend.  And  thus  the  higher  parts  of  the  fluid 
at  E  defcending,  and  fpreading  themfelves  over  the  lower  parts 
at  F,  which  are  at  the  fame  time  afcending:  the  lurface  of  the 
fluid  will  at  laft  be  reduced  to  a  horizontal  pofition  JB.  But 
being  fettled  in  this  pofition,  fince  there  is  no  part  higher  than 
another,  there  is  no  tendency  in  any  one  part  to  defcend,  more 
than  in  another  j  and  therefore  the  fluid  will  reft  in  an  horizon- 
tal pofition. 

Cor.  I.  If  the  fluid  dees  not  gravitate  in  parallel  lines,  hut  to- 
wards a  fixed  point  or  center  C;  then  the  fluid  can  only  be  at  reft 
when  its  furface  takes  the  form  of  a  Jpherical  furface  JB,  whofe 
center  is  C. 

For  if  any  parts  of  the  furface  of  the  fluid  A  orB,  yjere  fur- 
ther from  C  than  the  reft,  they  would  continually  flow  down 
to  the  places  nearer  C,  towards  which  their  weights  are  diredled : 
ti!R  at  laft  they  would  be  all  equi-diftant  from  it. 

Cor.  2.  Any  fluid  heing  diflurhed,  will  of  itfelf  return  to  the  fame 
level,  or  horizontal  pofition. 

Cor.  3.  Hence  alfo  if  a  different  fluid  ABEF  refl  upon  the  fluid 
ABCD ;  both  the  furface  FE,  and  the  furface  AB  that  divides 
them,  will  lie  in  a  level  or  horizontal  fttuation,  when  at  reft. 

For  if  any  part  of  the  furface  AB  be  higher  than  the  reft,  it 
will  defcend  to  the  fame  level  •,  and  fince  FE  is  alfo  level,  and 
therefore  the  heights  AF,  BE  in  every  place  equal ;  the  pref- 
fure  of  it  on  all  the  parts  of  the  horizontal  furface  AB,  will 
be  equal.  And  therefore  it  cannot  defcend  in  one  place  more 
than  another,  but  will  continue  level. 

Cor. 
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Cor.  4.  Hence  water  communicating  with  two  places,  or  any  way   J22, 
conveyed  from  one 'place  to  another-^  will  rife  to  the  fame  level  in 
both  places.     Except  fo  far  as  it  is  hindered  by  the  fri^ion  of  the 
channel  it  moves  thro\  or  perhaps  fome  very  f mall  degree  of  tenacity 
or  cohef,on. 


PROP.     LXXXII. 

lit  any  fluid  rtmaining  at  refl  y  every  part  of  ii^    at  the  fame 
depthy  is  in  an  equal  fiate  of  compreffion. 

For  let  the  plane  EFbe  parallel  to  the  furface  AB,     Then    j^?, 
fince  the  height  of  the  fluid  at  all  the  points  of  jEF,  is  equal ; 
therefore  the  weights  (landing  upon  any  equal  parts  of  £F  are 
equal :  and  therefore  the  preflure  in  all  the  points  of  £Fis  equal 
ahb. 

Cor.  I.  A  fluid  king  at  reft,  the  preffure  at  any  depth  is  as 
the  depth. 

For  this  preflure  depends  on  the  weight  of  the  fuperincum- 
bent  fluid,  and  therefore  is  as  its  height. 

Cor.  2.  In  any  given  place,  a  fluid  prejfes  equally  in  all  direUions. 

Fwr  (by  Prop.  LXXX.)  as  the  preflure  in  any  place  ads  in 
all  diredtions,  it  mufl:  be  the  fame  in  all  diredions.  For  if  it 
we're  lefs  in  one  diredion  than  another,  the  fluid  would  move 
that  way,  till  the  preffure  becomes  equal.  And  then  the  fluid 
would  be  at  refl:,  and  be  equally  compreflTed  in  all  directions. 

Cor.  3.  ^he  preffure  is  equal  in  every  part  of  a  plane  drawn  pa- 
rallel to  the  horizon. 

Cor.  4.  When  a  fluid  is  at  reft,  each  drop  or  particle  of  it,  is 
fqiially  prejfed  on  all  fides,  hy  the.  weight  of  the  fluid  above  it. 


PRO  P. 
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PRO  P.     LXXXIII. 

1 2;^.  If  a  fluid  he  at  refl:  in  any  "jeffel^  zvhofe  haje  is  parallel  to  the  hori- 
zon i  the  prejjure  of  the  jiutd  upon  the  bafe,  is  as  the  bafe  and 
perpaidtcular  altitude  of  the  fluids  "johateuer  be  the  figure  of  ibe 
containing  vcjjeL 

Case     I. 

Let  ABCD  be  a  cylinder  or  prifm,  then  (by  Cor.  i.  Prop. 
LXXXll.)  the  predure  upon  a  given  partof  thebafe,  (as  afquarc 
inch)  is  as  the  depth.  And  the  preiiure  upon  the  whole  bafe  is 
as  the  number  of  parts,  or  inches,  contained  in  it  j  and  there- 
fore is  as  the  bafe  and  altitude  of  the  fiuid. 
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Case     II. 

Let  the  heights  and  bafts  of  the  vefTels  ABC,  DEF  be  equal 
to  thofe  of  the  cylinder  ABCD  ;  then  fince  any  part  of  the  bafes 
AB  or  DE  is  equally  prelt,  as  an  equal  part  of  the  bafe  CD; 
therefore  the  whole  prcffbre  upon  the  bafes  AB  or  DE  is  equal 
to  the  whole  prefiure  upon  the  bafe  CD,  And  therefore  is  as 
the  bafe  and  perpendicular  height. 

Cor.  I.  If  t'X'o  vpjfels  ABC,  DEF  of  equal  bafe  and  height,  tho' 
never fo  different  in  thdr  capacities',  be  filled  with  any  the  fame 
fiuid;  thdr  bafes  willfufiain  an  equal  quantity  of  preffiire\  the  fame 
as  a  cylinder  of  the  fame  bafe  and  height. 

Cor.  2.  'The  quantity  rf  pr.ffure  at  any  given  dip th,  upon  a  given 
furface  \  is  always  the  fam<'.,  whether  the  furface  preffed  be  parallel 
to  the  hori-zon,  or  -perpendicular,  or  oblique  ;  or  whether  the  fluid 
continued  upwards  irom  the  compyeffed  furface,  rifes perpendiadarly 
into  a  retlilinear  direotion,  or  creeps  obliquely  thi  c^  crooked  cavities 
and  canals-,  and  wheth.r  thefe  paffages  are  regular  or  irregular, 
wide  or  narrow.     And  hence 

125.  ^^^*  ?, '  ff  ABDCF  be  any  ve/fd  containing  a  fluid ;  and  B  L,  ED, 
HlOK,  and  GC  be  perpendicular  to  the  hcriz'.n,  and  GHAB  the 
furface  of  the  liquor  ;  a>id  FL,  COD  parallel  to  AB.  Then  the 
preffure  at  L  and  F  is  as  BL  or  HF  -,  at  D,  O  and  C,  as  ED  -,  at 
K  as  HK.  And  therefore  tie  preffure  at  L  and  F  is  the  fame.  And 
the  prejfures  at  Z),  0,  C  are  equal. 

Cor. 
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Cor.  4.  Theprejfure  is  every  where  direofed perpendicularly  again/i    f  i  g. 
the  inner  furf ace  of  the  vejjel.     Therefore  at  K  it  is  direEled  doijcn-    i?,^. 
ward^  at  LJideways^  and  at  F  upwards.     By  Prop.  IX. 

Cor.  5.  If  two  veffels  AB,  CD.,  communicate  with  cne  another  hy    126. 
the  tube  BC,  and  if  any  liquor  be  poured  into  one  AB,  it  will  rife  to 
the  fame  height  in  the  other  CD,  and  will  Jiand  at  egiial  heights  in 
both  ;  that  iSi  AD  will  he  a  horizontal  line. 

For  if  the  fluid  fland  at  unequal  heights,  the  prelTure  in  the 
higher  will  be  greater  than  in  the  lower,  and  caufe  it  to  move 
towards  the  lower. 

Cor.  6.  If  two  different  fluids  fuflain  one  another  atrefl  intwo  iijl 
veffels  AB,  CD,  that  communicate  i  their  height  above  their  place  of  128. 
meeting,  will  be  reciprocally  as  their  denfities  or  fpecific gravities. 

Let  the  fluids  join  at  C,  and  take  the  perpendicular  height  of 
eC,  equal  to  that  of  AB.  Then  if  the  denfities  of  the  fluids 
were  equal  they  would  fufl:ain  one  another  at  the  equal  heights 
AB,  Ce.  Therefore  that  the  preflure  of  the  other  fluid  may  be 
the  fame  atC,  its  height  mufl;  be  fo  much  greater  as  the  denfity 
is  lefs  i  that  is,  CD  :  Ce  or  AB  : :  denflcy  of  AB  :  denflty  of  CD. 

S  C  H  O  L. 

The  truth  of  the  foregoing  propofitions  may  beeafily  proved 
experimentally.  Take  feveral  tubes  open  at  both  ends,  feme 
ftreight  fome  crooked,  with  their  low  ends  turned  in  all  direc- 
tions, and  of  feveral  fizes,  regular  and  irregular.  Put  thefe 
into  a  veflfel  of  water  to  any  depth,  and  the  water  will  rife  up  to 
the  height  of  the  external  furface  of  the  water  in  them  all.  But 
this  is  to  be  underfl:ood  of  fuch  tubes  as  are  fufficiently  wide  ; 
for  in  capillary  tubes  immerfed  in  a  veflfel  of  water,  it  rifes  Ibme- 
thing  above  the  level,  and  that  to  heights  reciprocally  as  the 
diameters.  Likewife,  if  water  can  rife  and  be  lufpended  at  the 
height  B  in  the  capillary  tube  AB,  it  will  be  fufpended  at  the  ^'9' 
fame  height  B,  whilfl:  the  part  of  the  tube  at  B  remains  the  fame, 
whatever  be  the  figure  or  widenefs  of  the  under  part  CD.  And 
the  afcent  and  fufpenfion  of  water  is  the  very  fame  in  vacuo. 
The  fame  holds  for  any  other  fluids,  but  diflTerent  fluids  rife  to 
difi^erent  heights.  But  quickfilver,  infliead  of  afcending  in  a  tube, 
finks  in  it,  and  has  its  furface  deprefifed  below  the  common  lur- 
face,  to  depths  which  are  reciprocally  as  the  diameters  of  the 

R  tubes. 
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tubes.     But  the  forces  by  which  fluids  are  fulpended  In  capillary 


129.     tubes  come  under  no  hydroftatic  laws. 


PROP.    LXXXIV. 

If  a  homogeneous  hody  be  immerfed  in  a  fluid  of  the  fame  denjity  with 
iifelf,  it  will  remain  at  reji  in  any  place  and  in  any  pofttion  •,  but 
a  body  of  greater  denfity  than  the  fluid  will  fink  to  the  bottom^  and 
a  body  of  %fs  denfity  will  rife  to  the  top. 

Case     I. 

J  00.  Let  the  body  EGF  be  immerfed  in  the  fluid  AD.  Then  fince 
the  body  is  of  the  fame  denfity  as  the  fluid,  therefore  the  body 
will  prefs  the  fluid  under  it,  jufl:  as  much  as  the  fame  quantity 
of  the  fluid  put  in  its  place.  And  therefore  the  preffure  of  the 
body,  together  with  that  of  the  fluid  above  it,  prefles  the  fluid 
below  as  much  as  a  column  of  the  fluid  of  the  fame  depth. 
Therefore  the  preflure  of  the  body  at  F  againfl:  the  fluid  is  e- 
qual  to  the  preflure  of  the  fluid  at  F  againtl  the  body.  And 
therefore  thefe  two  preflTures  will  remain  in  equilibrio,  and  the 
body  will  be  at  refl:. 

Case     II. 

If  the  body  is  moredenfe,  the  preflure  againfl:  the  fluid  un- 
derneath is  g'  eater  than  that  of  an  equal  quantity  of  the  fluid. 
Therefore  the  weight  of  the  body  will  overcome  the  preflure  of 
the  fluid  under  it,  and  it  will  fink.  But  if  the  body  be  lighter, 
the  prefliire  of  the  fluid  will  overcome  the  weight  of  the  body, 
and  it  will  rife  to  the  top. 

Cor.  I.  If  fever  al  fluids  of  different  denfities  be  mixt  together  in  the 
fame  vefjel,  the  heavieft  will  get  to  the  lowefi  place,  and  the  light efi 
to  the  top  •,  and  thofe  of  a  mean  denflty  to  the  middle.  And  in  any 
bodies  whatever  the  heavitfl  will  be  the  Icwefl. 

Cor.  2.  Hence  bodies  placed  in  fluids  have  a  twofold  gravity,  the 
one  true  and  abfolute,  the  other  apparent  or  relative.  Ahjolule 
gravity  is  the  force  with  which  bodies  tend  downward-,  by  this  all 
forts  of  fluid  bodies  gravitate  in  their  proper  places^  and  their  weight 

taken 
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taken  together  ccmpofe  the  weight  of  the  whole ;  for  the  whole  is   p  j  q 
heavy  as  may  he  experienced  i ft  vejfels  full  of  liquor. 

Relative  gravity  is  the  excefs  of  the  gravity  of  the  body  above  that 
of  the  fluid .  By  this  kind  of  gravity  flmds  do  not  gravitate  in  their 
proper  places ;  that  is,  they  do  not  preponderate,  but  hindering  one 
another^ s  defcent^  remain  in  their  proper  places  as  if  they  wire  net 
heavy. 

Cor.  3.  Hence  an  irregular  body,  or  one  that  is  heterogeneous,  de- 
fending in  a  fluid,  or  if  it  move  in  any  direction,  and  a  line  be  drawn 
connecting  the  center  of  gravity  and  center  of  ma^ratnde  of  the  body^ 
the  body  will  fo  dtfpofe  itflf  as  to  move  in  that  line  ;  and  that  ihs 
center  of  gravity  will  go  for  em  oft  and  the  center  of  magnitude  behiiid. 

For  there  being  more  matter  and  Icfs  furface  near  the  center  of 
gravity,  that  part  will  be  lefs  refiftcd  thin  near  the  center  of 
magnitude;  therefore  the  center  of  magnitude  will  be  more  re- 
tarded than  the  center  of  gravity,  and  will  be  left  behind. 

Cor.  4.  Hence  no  body  can  be  at  reft  within  a  fluid,  unlefs  it  be  of 
the  fame  fpecific  gravity  as  the  fluid, 

S  C  H  O  L. 

What  is  here  faid  of  bodies  of  greater  denfity  finking  in  a 
fluid,  muft  be  underftood  of  fuch  as  are  folid.  For  if  a  body  be 
hollow  it  may  fvvim  in  a  fluid  of  lefs  denfity.  But  if  the  hollows 
or  cavities  be  filled  with  the  fluid,  it  will  then  fink.  Likewife 
bodies  of  greater  fpecific  gravity  being  rtduced  to  extremely 
fmall  particles,  may  then  be  fufpended  in  the  fluid.  But  the 
forces  by  which  this  is  done  belong  not  to  any  laws  of  hydro- 
ftatics. 


PROP.     LXXXV. 

Bodies  immerfed  in  a  fluid  and  fufpended  in  it,  lofe  the  weight  of  an 
equal  bulk  of  the  fluid. 

For  (by  the  lad  Prop.)  if  the  body  £F  be  of  the  fame  den- 
fity as  the  fluid  it  lofes  all  its  weight,  and  neither  endeavours 
to  afcend  or  defcend.     Therefore,  if  it  be  lighter  or  heavier  it 

R  2  tjnly 
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only  endeavours  to  aicend  or  defcend  with  the  difFerence  of  the 
^  ^    *   weights  of  the  body  and  the  fluid  j  and  has  therefore  loft  the 
'     wei5ht  of  as  much  of  the  fluid. 

Cor.  I.     T/:e  fluid  acquires  the  weight  which  the  body  lofes. 
For  the  fum  of  the  weights  of  the  folid  and  fluid  is  the  fame, 
both  before  and  after  emcrfion. 

Cor.  2.  Jll  bodies  of  equal  magnitude  immerfed  in  a  fluid  lofe  equal 
weights^  and  unequal  bodies  lofe  weights  proportional  to  their  bulks. 

Cor.  ^.  The  weights  loji  by  immerging  one  and  the  fame  body  in 
diflftrent  fluids  are  as  the  denflties  of  the  fluids,  or  as  their  fpeciflc 
gravities. 

Cor.  4.  Heuce  alfo^  if  two  bodies  of  unequal  bulks  be  in  equilibria 
in  onefluidy  they  will  lofe  their  equilibrium  in  another  fluid  of  difl^e- 
rent  denfity, 

S  C  H  O  L. 

Since  a  body  immerfed  in  a  fluid  lofes  fo  much  weight  as  that 
of  an  equal  quantity  of  the  fluid,  therefore  it  tends  downwards 
only  with  the  difference  of  thefe  weights ;  and  this  is  the  relative 
gravity  of  the  body  in  the  fluid.  But  if  the  body  is  fpccifically 
lighter  than  the  fluid,  it  feems  to  lofe  more  weight  than  it  has, 
and  hence  the  body  will  tend  upwards  with  the  diff^erence  of 
thefe  weights.  And  this  is  the  relative  levity  of  the  body  in 
the  fluid  i  fuch  as  we  fee  in  feathers  or  fmoke  in  the  air,  or  cork 
in  water. 


PROP,    LXXXVI. 

37;^  weight  of  a  folid  body  floating  upon  a  fluid  is  equal  to  the  weight 
of  a  quantity  of  the  fluid,  as  big  as  the  immerfed  part  of  the  folid^ 
cut  off  by  the  plane  of  the  fur  face  of  the  fluid. 

For  if  the  body  be  at  refl:,  the  prcflure  of  the  body  upon  the 
fluid  underneath,  is  juil  the  fame  as  the  preflTure  of  the  fluid  in 

the 
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the  room  of  the  immerfed  part.     And  therefore  the  weight  of  f  i  g. 
one  ir.  equal  to  the  weight  of  the  other. 

Cor.  I.  Ifihe  body  he  homogeneous^  the  weight  or  magnitude  of  the 
•whole  floating  body  is  to  the  weight  or  magnitude  of  tbe  part  immerfed 
::  as  the  denfity  or  fpecific  gravity  of  the  fluid  is  to  the  denfity  or  f-pe- 
cific  gravity  of  the  body. 

For  the  denficy  of  the  fluid  :  denfuy  of  the  body  ::  weight  Cof 
the  fluid  equal  to  the  immerfed  part,  or  the  weight)  of  the  whule 
body  ;  weight  of  the  immerfed  part. 

Cor.  2.  }f  one  and  the  fame  body  float,  or  fwim  upon  different  li- 
quids, the  immerfed  part  in  each  liquid  will  be  reciprocally  as  their 
denftties.  And  therefore  a  body  will  fink  deeper  in  a  lighter  fuidthan 
in  a  heavier. 


PROP.     LXXXVII. 

If  a  floating  body  JFBE,  or  fyflem  of  bodies,  be  at  reft  in  a  fluid,  and  j  ^ - 
D  be  the  center  of  gravity  of  the  whole  body.,  and  C  the  center  of 
gravity  of  the  fluid  AFB  equal  to  the  immerfed  part  of  the  body  j 
theny  I  fay,  the  line  CD  will  be  perpendicular  to  the  horizon. 

For  as  C  is  the  center  of  gravity  of  the  fluid  AFB,  it  is  the 
center  of  all  the  forces  or  weights  of  the  parts  of  the  water  in 
AFB,  tending  downwards ;  but  becaufe  the  body  is  at  reft,  the 
fame  point  C  is  alfo  the  center  of  all  the  prefTures  of  the  fluid 
underneath  tending  upwards,  by  which  the  weight  of  the  fluid 
AFB  or  of  the  body  AFBE  (equal  to  it  by  Prop,  laft)  is  fuftained. 
Therefore  the  fum  of  all  the  forces  tending  upwards  to  C,  is 
equal  and  contrary  to  the  fum  of  all  the  forces  tending  down- 
wards from  D  (by  Ax.  1 1.)  becaufe  that  prelTure  fuftains  the 
body.  But  the  weight  of  the  body  tending  from  D  is  perpendi- 
cular to  the  horizon.  Therefore  CD  is  perpendicular  to  the 
horizon. 

Cor.  If  the  whole  body  be  as  heavy  or  heavier  than  water,  and  be 
immerfed  in  it,  the  center  of  gravity  will  bs  the  loweft,  and  defcend 
the  foremofl. 


PROP, 
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FIG. 

PROP.     LXXXVIII. 

If  a  fluidy  confidered  withcui  weighty  he  endofed  in  a  vejjei,  and 
Jirongly  ccmpre£ed  on  all  fides  ^  every  -part  izithm  it  will  be  in  the 
fame  comfrejjed  Jlate. 

For  if  any  particle  was  lefs  preficd  than  another,  the  greater 
prefTLire  would  move  the  fluid  towards  the  lefs  comprefTed  parr, 
till  their  comprefTion  became  every  where  equal  ;  and  then  the 
equal  prelTures  would  ballance  one  another,  and  remain  at  reft. 

Cor.  I.  Hence  any  foft  body  as  GHU  whofe parts  cannot  be  con' 
denfed,  being  immerfed  in  a  fluid  endofed  in  a  vejfel,  andflrongly  com- 
prefjed  on  every  ftde,  the  body  will  retain  ils  figure^  and  fuffer  tia 
change  from  the  comfreffion  of  the  ambient  fluid.  And  all  its  parts 
will  remain  at  reft  among  themfelves.,  and  in  the  fame  ccmprefled  ft  ate 
as  the  fluid. 

Cor.  2.  The  motion  of  any  included  body  as  E,  or  of  any  nmnber 
of  bodies,  will  not  be  at  all  changed  by  the  compreffton  of  the  fluid, 
but  will  remain  the  fame  as  before. 

For  the  com  pre  (13  on  ading  every  way  alike,  can  make  no  al- 
teration in  the  motion  of  bodies. 

Cor.  3.  In  an  inflexible  veffd,  a  fluid  will  not  fuflain  a  ftronger 
preffure  on  one  fide  than  another-,  but  will  give  way  to  any  excefs  of 
prefliire  in  a  moment  of  time,  and  be  reduced  to  an  equality  of  preffure. 


PROP.     LXXXIX. 

1 30.    If  air,  or  any  elaftic  fluid  &f  [mail  denfity,  be  fhui  up  in  a  clofe  vejfel^ 
every  part  of  it  will  be  in  the  fame  comprefjedflate. 

For  let  ABCD  be  a  veiTel  full  of  endofed  air,  then  the  air,  at 
equal  altitudes  within  the  veffcl,  will  be  in  the  fame  ftate  of  com- 
preffion  ;  and  the  comprefTion  in  the  bof  om  of  the  vefTel  can  only 
exceed  that  at  the  top,  by  the  weight  ui  a  column  of  air  of  the 

height 
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height  of  the  vefTcrl  AC,  (by  Cor.  i.  Prop.  LXXXII.)  but  the  ^  j  c. 
weight  of  fuch  a  column  of  air  is  inlenfible  in  relpedl  of  the 
external  prefTure,  or  the  preiTureof  the  height  of  the  atmofphere. 
And  therel-ore  the  compreflion  in  every  part  of  the  velTcl  may 
be  looked  upon  to  be  the  fame. 

Cor.  I.  In  like  manner  the  comprejfwn  of  the  air  in  any  two 
places  near  the  earth's  furface  is  very  nearly  the  fame. 

For  the  difference  is  only  the  weight  of  a  column  of  air, 
whofe  height  is  the  difference  of  the  heights  of  the  two  places, 
which  is  very  inconfiderable. 

Cor,  2 .  If  air  be  comfreffcd  in  any  veffd  hy  the  prejfure  of  the  eX' 
ternal  air^  its  elajtic  force  is  equal  to  the  force  and  prejfure  of  the  ex- 
ternal air. 

Cor.  2'  ^he  air  does  the  fame  thing  by  its  fpring,  as  a  non-eJaJlic 
fluid  does  ly  its  weight  or  prejfure. 

For  the  fpring  or  elafticity  of  the  air  is  the  force  it  exerts  a- 
gainft  the  force  of  compreflion,  and  therefore  muft  be  equal 
CO  it. 

S  C  H  O  L. 

That  the  air  is  a  heavy,  elaftic,  compreffible  body,  is  confirmed 
by  many  experiments  made  for  that  purpofe.  Its  properties 
are  thefe. 

1.  The  air  has  fome,  though  a  very  fmall  degree  of  weight, 
which  is  fo  fmall,  that  it  hardly  becomes  fenfible,  but  in  the 
weight  of  the  whoie  atmofphere,  or  body  of  air  enclofmg  the 
earth. 

2.  The  air  is  an  elaftic  fluid,  and  capable  of  being  condenfed 
and  rarified.  And  when  it  is  condenfed  or  forced  into  a  lefs 
fpace,  its  fpring,  or  the  force  it  exerts  to  unbend  iifclf,  is  pro- 
portional to  the  force  that  compreflfes  it.  And  the  fpace  any 
given  quantity  takes  up,  is  reciprocally  as  the  comprefling  foice  i 
or  its  elafticity  is  as  its  denfity. 

3.  All  the  air  near  the  earth  is  in  a  comprefled  ftate,  by  the 
weight  of  the  atmofphere  or  body  of  the  air  above,  which  com- 
prtfil^s  it.  And  from  hence  the  denfity  of  the  air  grows  con- 
tinually lefs,  the  higher  it  is  above  the  furface  of  the  earth  The 
weight  of  the  atmofphere  at  the  furface  ot  the  earth,  is  at  a  me- 
dium about  i4ilb.  averd.  upon  every  fquare  inch.  Bu  at  dif- 
ferent limes  It  dift'rrrs,  by  rcafun  ot  winds,  hot  or  cold  wi-aher, 
(5^c.    But  the  height  of  the  atmofphere  is  uncertain,  by  reafon  it 

grows 
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F  I  G.  grows  continually  more  rare  towards  the  top  till  it  vaniilics. 
The  weight  of  the  atmofphere  is  equal  to  the  weight  of  water 
1 1   yards  hiph. 

4.  The  fpring  or  elafticity  of  the  air  is  encreafed  by  heat,  and 
decreafed  by  cold,  fo  that  if  any  quantity  of  air  be  enclofed  in 
a  veflel,  it  will  have  a  greater  fpring  or  prefTure  when  heated, 
and  will  lofe  part  of  its  fpring  by  cold. 


P  R  O  P.     XC. 

^0  find  the  fpecific  gravity  of  bodies. 
Case     I. 

Jf  it  he  afolid  body  heavier  than  water ^  weigh  it  exa<5lly,  firft 
in  air,  and  then  in  water,  or  fome  fluid  whofe  fpecific  gravity 
you  know  ;  and  let 

^he  abfolute  weight  of  the  body  —  J, 

The  *weJght  in  water.  Sec,       zz  B, 

Thefpecijic  gravity  of  water  ^Scc.  =:  C, 

The  fpecific  gravity  of  the  body  =  2), 

Then  will  D  =  — — — C,  the  fpecific  gravity  of  the  body. 
A — B 

Case     IL 

For  afolid  body  lighter  than  water.     Take  any  piece  of  metal 

and  tie  it  to  a  piece  of  the  light  body,  lb  that  the  compound 

may  fink  in  water ;  and  putting  A,  C,  A  as  in  Cafe  I.  and 

E  IT  weight  of  the  metal  in  water. 

F  zz  weight  of  the  compound  in  water, 

AC 
Then  D  =    . -,  the  fpecific  gravity  of  the  light  body, 

A'jrE-'^r 

Case  III. 

For  a  fluid.  Take  a  folid  body  of  known  fpecific  gravity, 
which  will  fink  in  the  fluid.     And  putting  the  fame  letters  as  in 

Cafe  I     Then  will  C  =  ^tzS.D,  the  fpecific  gravity  of  the  fluid. 

A 

Or 
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Or  thus :  f  i  o. 

Take  a  body  that  will  fink  in  the  fluid  and  alfo  in  water, 
and  let 

J  zz  ahfolute  weight  of  the  hody^ 

B  zz  its  weight  in  water, 

G  —  its  weight  in  the  fluid, 

C  zz  fpecific  gravity  of  water ^ 

Z  —  fpecific  gravity  of  the  fluid  required. 

Then  Z  =  ^^C. 

But  for  mercury,  or  for  powders,  dufl:,  or  fmall  fragments  of 
bodies,  you  muft  ufe  a  glafs  or  metal  bucket,  oblerving  to 
balance  its  weight  both  in  air  and  water.  And  for  bodies  that 
will  diffolve  in  water,  weigh  them  in  oil  of  turpentine  inftead 
of  water.  When  the  body  is  weighed  in  the  fluid,  it  muft  be 
fufpended  by  a  horle  hair,  or  a  fine  filk  thread.  Note,  if  the 
body  and  fluid  be  near  the  fame  fpecific  gravity,  your  work  will 
be  more  exadt. 

To  demonftrate  the  rules,  it  is  evident  (by  Prop.  I^XXXV.) 
that  a  body  weighed  in  water,  lofes  the  weight  of  as  much  water. 
Therefore  in  Cafe  L  the  weight  of  an  equal  quantity  of  water  is 
J — B.  But  (by  Def  ij.)  the  fpecific  gravities  are  as  the 
weights  of  equal  quantities  of  matter;  therefore  J — B  :  A  :: 
C  :  D. 

And  in  Cafe  If.  F — E  —  weight  of  the  light  body  in  water, 
(which  is  negative  when  E  is  greater  than  F)  and  the  weight  of 

an  equal  quantity  of  water  is  J — F' — £  or  A-\-E — P,  therefore 
(as  in  Cafe  I.)  it  is  A+E^-F:  A  :\  C:  D.  And  the  rule  is 
equally  true,  whether  D  be  lighter  or  heavier  than  water. 

In  Cafe  III.  fince  D  z=   —^  C,  therefore  Cz="fi:^Z>.    Or 

A—B  A 

in  the  other  rule;  A — B  ~  v/ei-nt  of  as  much  water,  and  A — G 
z=  weight  o^  as  much  of  tiie  fluid,  and  the  fp  ific  gravities  be- 
ing as  the  veights  of  equal  quantities  of  the  matter  ;  therefore 
J^B :  A—G  :  :  C  I  Z. 

Cor.  I.  Hence  ifapiect  of  metal,  or  any  fort  of  matter  is  nffercd,  to 
know  what  fort  it  ts  of  hind  its  fp  cific  ^ravty  by  iht  ruU  above, 
whic'' fek  m  the  following  table;  a>.u  the  neureft  to  tt  gives  the 
name  of  the  body,  or  what  kind  it  is  of. 
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^  ^  ^'  Cor.  1.  Jnd  to  find  the  [olid  content  of  a  fmall  body  heavier  than 
ivater.  IVeigh  it  in  air  and  water,  and  the  difference  of  the  Weights 
reduced  to  gruins^  being  divided  by  256-,  the  quotient  is  the  cubic 
inches  it  contains. 

For  a  cubic  inch  of  water  weighs  256  grains  ;  or  a  cubic  foot 
weighs  761b.  troy,  or  62  {- lb.  averdupoile,  wiiich  is  but  254 
grains  to  an  inch. 

Cor.  ^.  Hence  alfo  the  folidity  of  a  body  being  known^  the  weight 
may  be  found.,  and  the  contrary.  Thus,  put  n  zz  0.5275  ounces 
troy,  or  0.5787  ounces  averdupoife  -,  and  D  zz  fpecific  gravity  of  the 
body  by  the  following  table,  ^hen  as  \  :nD  :  :  folid  anient  in  inches 
:  weight  in  ounces  -,  and  one  being  given  finds  the  other. 

For  the  weight  of  a  cubic  inch  of  water  is  .5275  02.  troy,  or 
.5787  oz.  averdupoife. 


A  TAB  L  E  of  the  fpecific  gravities  of  bodies, 

SOLIDS. 


Fine  Gold  - 

Standard  Gold 
Lead  — 

Fine  Silver 
Standard  Silver 
Copper  — 

Copper  Halfpence 
Fine  Brafs 
Caft  Brafs 
Steel  — 

Iron  — 

Pewter  — 

Tin  — 

Caft  Iron  — 

Lead  Ore  — 

Copper  Ore 
Lapis  Calaminaris 
Load-ftone 
Crude  Antimony 
Diamond  — 

White  Lead 
Ifland  Cryftal 


19.648 
lb. 888 
11.340 
1 1.092 

9.000 
8.915 
8.350 
8.100 
7.850 
7.644 

7.471 
7.320 

7.000 

6.200 

5-167 

50C0 

4-930 
4.000 

3. 160 

2.720 

Marble 
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Marble  —                     —                   2.707   p  j  c. 

Pebble  Stone  —                —                2.700 

Coral                 —  —                 — 2.700 

Jafper             —  —                —                 —  2.666 

Rock  Cryftal  —                 —                 2  650 

Pearl             —  —                 —                 2.6^0 

Glafs                 —  —                     2.600 

Flint                —  —                 — 2.570 

Onyx-ftone  —                  — 2.510 

Common  Stone  —                 —             2.500 

Glauber  Salt  —             —            —           2. 250 

Cryftal                 —  —             —             2.210 

Oyfter  Shells  ,    —                  —                 2.092 

Brick             —  —                 2  000 

Earth                 —  —             —              1.984 

Nitre                 —  —             —                 • 1.900 

Vitriol               —  —               —               1.880 

Alab  after             —  —              —             1-874 

Horn             —  —                 —                 I  840 

Ivory               —  —                —              1.820 

Brimftone             —  —             —              1.800 

Chalk               —  —                 —             ^'793 

Borax             —  —             —                 '^'1^7 

AUum             —  —                —             •  1-714 

Clay              —  —               — •                 ' 1.7 12 

Dry  Bone             —  —             —          1.660 

Humane  Calculus  —                —             — —  r.542 

Sand            —  —                 —               1*520 

Gum  Arabic  —              —             —           •  1.400 

Opium             —  —                 —              i'35^ 

Lignum  Vitas  —                   —               ^'327 

Coal                 —  —                  —            •  1.250 

Jet                 —  -                1.238 

Coral             —  —              1.2 10 

Ebony                 —                i'i77 

Pitch                 —  —               i«i50 

Rofm                  _  —             —                  1:100 

Mahogany  —                     —                    i-o^S 

Amber          —  —            1.040 

Brazil  Wood  —  1.03 1 

Box  Wood                 —                  —  1.030 

Common  WATER             i.ooo 

Bees  Wax           __  _             —  ,<^c,^ 

Butter             _  _                  _  .940 

S  2  Logwood 
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Logwood                —  —  '9^3 

Ice              'If. 

Alh(drv)             —             —  —  .838 

Plumbtree  (dry)                 —  —  -826 

Elm  (dry)                  —  —  'l^^ 

Oak  (dry)                —  —  '^o^ 

Yew                -                -  -  -7^^ 

Crabtree                 «—               —  —  '7°^ 

Beeth  (dry)                 —  —  -700 

Walnut-tree  (dry)                 —  —  -^5^ 

Cedar                 —            —  —  .613 

Fir                 —                —  —  '5^^ 

Cork              -                 -  -  -238 

New  fallen  Snow              —  —                —  .08O 

FLUIDS. 

Quickfilver            _          —  —  14-000 

Oil  of  Vitriol                 —  —  1-700 

Oil  of  Tartar             _.            —  — 1.550 

Honey               «.               -  —  I.450 

Spirit  of  Nitre                  —  —  ^'3^5 

AquaFortis              • ■  —  "-300 

Treacle              —                 —  —  1.290 

AquaRegia                 —  —  ^'^34r 

Spirit  of  Urine         _             —  — 1. 120 

Human  Blood                —  —  '•^54 

Sack                 —                 —  —  ^•°33 

Urine                  —              —  —  1.032 

Milk              _-                 —  —  1.03 1 

Sea  Water                 —                 —  i-^ao 

Serum  of  human  Blood  —  1-030 

^Ig             —  1.028 

Vinegar                —  ^-026 

Tar               —                 —  -•  ^•°I5 

WATER             —  J- 

Diftilled  Waters                —  —  -993 

Re-i  Wine                 —  —  -990 

LinfeedOil                 —  —  '93^ 

Brandy                   —  —  '927 

Oil  Olive             —              —  —  '9^3 

Sprii  of  Turpentine            —  —  -^74 

Spirit  of  Wine                 —  —  -^^^ 

Oil  of  Turpentine            —  —  '^^^ 

Common  Air            _            _  —  .0012 
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In  this  table  you  have  the  mean  fpecific  gravities.  For  there  p  i  g. 
is  fome  difference  in  different  pieces  of  the  larie  fort  of  body, 
by  reafon  of  their  different  goodnefs,  finenefs,  compadnels, 
texture,  drynefs,  being  more  or  lefs  free  from  mixture,  &c. 
And  fometimes  by  a  greater  degree  of  heat  or  cold,  which  affed 
all  bodies  a  little,  from  whence  there  will  arife  a  fenfible  dif- 
ference in  different  parcels  of  the  lame  fort  of  matter,  in  almoft 
all  bodies,  whether  lolid  or  fluid.  Particularly  in  wood  there 
is  great  difference,  for  green  wood  is  far  heavier  than  dry  wood, 
and  fome  green  wood  will  fink  in  water,  as  elm. 


PROP.    XCI. 

The  center  of  prejfure  of  any  plane  fujlaining  a  fluid  prejfmg  againfl 
it,  is  the  fame  as  the  center  of  percuffion,  Juppofing  the  axis  of 
motion  to  be  at  the  interfe5lion  of  this  plane  with  the  fur  face  of  the 
fluid. 

The  center  of  preffure  is  that  point  againft  which  a  force  be-     1^3. 
ing  applied  equal  and  contrary  to  the  whole  preffure,  it  will  juft 
fuftain  it,  fo  as  the  body  preffed  on,  will  incline  to  neither  fide. 

Let  AP  be  the  furface  of  the  water,  0  the  center  of  preffure, 
draw  AO,  and  parallel  to  AF,  draw  cbd.  Then  the  preffure  a- 
gainft  any  fmall  part  cd^  is  as  cd  and  the  depth  of  the  fluid, 
that  is  as  cd  X  Ah.  And  the  force  to  turn  the  plane  about  O, 
is  cdx  Ab  X  bO,  or  cd  X  Ab  x  AO  —  cd  X  Ab\  And  the 
fum  of  them  all  mufl:  be  equal  to  o.  Therefore  AO  zz 
fumofallcdxAb^-  .  ^^^  therefore  (by  Prop.  LVII.)  O  is  the 
fum  of  all  cd  x  Ab 
fame  as  the  center  of  percuffion. 

Cor.  I.  The  center  of  preffure,  upon  a  plane  parallel  to  the  ho- 
rizon, or  upon  any  plane  where  the  preffure  is  uniform,  is  the  fame 
as  the  center  of  gravi'y  of  that  plane. 

For  the  preffure  ads  upon  every  part,  in  the  fame  manner  as 
gravity  does. 

Cor.  2.  The  quantity  of  preffure  upon  any  plane  furface,  is  equal 
to  that  of  the  fame  plane,  placed  parallel  to  the  horizon,  at  the 

.    depth 
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depth  where  its  center  of  gravity  is.     And  the  fame  is  true  of  a)ty 
13  3.  number  of  fiirf aces  taken  together. 

For  the  whole  preflure  is  as  the  fum  of  all  the  Ah  x  cd ; 
and  upon  the  whole  figure  placed  at  the  center  of  gravity,  it 
is  yi^Cxdiftance  of  the  center  of  gravity  from  A.  But  (by 
Cor.  3.  Prop.  XLIV.)  thefe  produds  are  equal.  And  the  fame 
may  be  proved  for  feveral  furfaces,  or  the  furface  of  any  folid, 
taking  the  center  of  gravity  of  all  thefe  furfaces. 


PROP.   xcir. 

I'd  find  the  center  of  equilibrium  of  a  bod)\  cr  a  fyflem  of  bodies, 
immerfed  in  a  fluid. 

The  center  of  equilibrium  is  the  fame  with  refpeft  to  bodies 
immerfed  in  a  fluid,  as  the  center  of  gravity  is  to  bodies  in 
free  fpace  :  It  is  a  certain  point,  upon  which  if  the  body  or  bo- 
dies be  fufpended,  they  will  reft  in  any  poficion. 
67.  Let  A,B,  C  be  three  bodies, or  thequaniities  of  matter  in  them  ; 
^,  ^,  r  their  relative  gravities  in  the  fluid  -,  j  — abfolute  gravity. 
Then  pA^  qB,  rC  are  the  weights  of  A,  5,  C  in  the  fluid.  Let 
G  be  the  center  of  equilibrium.  Then,  by  the  fatne  realoning  as 
in  Prop.  XLVII.  the  fum  of  the  forces  of  A,  B,  C  is  pAxAa 
-{•  qB  X  Bb  +  rCxCc  —  Gg  xpA-\-  qB  -}- rC,  the  fum  of  the 
forces   or    weights     when     fituatcd     in     G.      PFhence  Gg   zz 

Aa  X  PA+ BbxgB -\-CcxrC    ,,      ,.n  r  ,1         ,       c       ■ 
Cls. — z: lU — — ,  the  dijlance  of  the  center  of  equt- 

pA-\-qB  +  rC  -^  •"  ^    ^ 

librium  from  ST,  in  thefiuid.  And  if  any  body,  as  y/,  is  lighter  than 
the  fluid  ;  then  its  relative  gravity  p  will  be  negative.  And  if 
any  body  is  fituated  on  the  other  fide  of  the  plane,  its  difl;ance 
from  it  muft  be  taken  negative. 


&"■ 


Cor.  If  the  body  or  bodies  he  homogeneous.,  the  center  of  equili- 
brium  is  the  fame  as  the  center  of  gravity. 

S  C  H  O  L. 

The  relative  gravity  is  found  thus.  Take  the  fpecific  gravity 
of  the  fluid  rrom  that  of  the  body,  and  divide  the  remainder 
by  the  fpecific  gravity  of  the  body.  And  thefe  fpecific  gravities 
are  had  by  Prop.  XC. 

PROP. 
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PROP.    XCIII. 

If  a  fyftem  of  bodies  of  dilate  in  a  fluids  ivilhcut  refijlance^  to  find 
the  length  of  an  ifocronal  pendulum  vibrating  in  vacuo, 

Becaufe  particles  of  different  fpecific  gravities,  placed  in  any 
given  point,  will  require  different  times  of  vibrating  in  the  fluid  ; 
therefore  we  mud  find  the  point  where  a  particle  of  infinite  den- 
ficy  being  placed,  will  vibrate  in  the  fame  time  as  the  fyftem  : 
and  this  wiJl  be  the  center  of  ofcillation.  For  this  particle  will 
lofe  nothino;  of  its  weicrht  in  the  fluid  :  its  relative  <:!;ravitv  beino- 
the  fame  as  the  abfolute.  Whence  the  vibrations  of  this  particle 
will  be  performed  in  the  fame  time  as  in  vacuo. 

Let  A^  B,  C  be  three  bodies,  or  their  quantities  of  matter  j 

/>,  q,  r  their  relative  gravities  in  the  fluid  ;  r  —abfolute gravity. 

Then  pA^  qB,  rC  are  the  weights  of  the  bodies  in  the  fluid. 

Let  G  be  the  center  of  equilibrium  ;  and  0  the  center  of  ofcii- 

lation  fought.     Put  s—  Ax  SA"-  ■{■  Bx  5J5'4-Cx  SC\     Then 

(by  the  fame  reafoning,  and  conftrudion,  as  in  Prop.  LVIII.) 

the  angular  velocities  whi<"h  the  bodies  A^  By  C  generate  in  the 

fn               — SeypA     SnxqB     SdxrC        ,  ,       ,    , 
fyftem  are, -A-—,    — ill—,   — 1^^ — ;  and  the  whole  angu- 

s  s  s 

1         1     -^  .  ji     a         11  •   — SexpA-^SnxqB-^SdxrC 

lar  velocity  generated  by  them  all,  is i— — ^ -A. — ! . 

s 

Likewife  the  angular  velocity  which  the  particle  P,  fituated  in 

Sr  \:  P        Sr  ■       • 

O,  generates  in  the  fyfliem,  is 1^^ or But   their   vi- 

brations  are  performed  alike  :  therefore  their  angular  velocities 

a  u            1      rry       ■    —  SeXpA  -\-  Sn  X  qB  -\-  Sd  X  rC 
muft  be  equal.     That  is ^Al — JI CA — A. 1^^ —  — 

—  =   -    ^^     .     Vv^hence  SO  -  Jl-  x 
SO'  SGxSO  SG 


s 


—  SexpyJ-\-  '  nxqB-\-SdxrC 


But    (  by    Prop.    XCII.  ) 


—  Se  X  pA  -{-  Sn  X  qB  -^  Sd  X  rC  -  Sg  X  pA  +  qB    +    rC 

therefore  SO  z=  4^^_!±l^li£i£>li£,  th  length  of  an 
SGxpA  +  qB-rrC 

ifocrenal  pendulum,  out  of  the  fluid.  ' 


FIG. 
81. 


Cor. 
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FIG. 

gi  Cor.  I.  Hefice  if  the  bodies  are  homogeneous^  thenf  zz  q  zzr  i 

'     a.d  SO  =1>^1^'1±I^^££M^. 
pxSGxA-tB  +  C 

Cor.  2.  The  fyjlem  makes  an  exceeding  fmall  vibration  in  the 
Jluid,  in  the  fame  time  that  a  fimple  -pendulum^  whofe  length  is 

i_ — — ,  makes  a  vibration  in  vacuo, 

SGxpJ-hqB+rC 

For  the  velocity  of  the  fyftem  being  very  fmall  $  the  refift- 

ance  is  inconfiderable. 

Cor.  3.  Hence  if  SA  be  the  length  of  a  fimple  pendulum  (A)^  vi* 

SA 
hating  in  a  fluid  :  then is  the  length  of  an  tfocronal  pendulum 

in  vacuo. 

For  in  a  fingle  body,  SO  -  ^Ij^Ml   or  H 

Cor.  4.  And  ifp  he  negative,  or  the  pendulum  fpecifical'y  lighter 
than  the  fluid ;  the  pendulum  will  turn  upfide  doiin^  and  vibrate 
upwards  in  the  fluid.     And  the  length  of  an  ifocronal  pendulum  out 

of  the  fluidy  will  be  — ~,  as  before, 
P 

S  C  H  O  L. 

The  center  of  percufTion  is  the  fame  in  a  fluid  as  out  of  it. 
For  there  is  nothing  concerned  in  that,  but  the  quantities  of 
matter  and  velocities  i  both  of  which  are  the  fame  m  the  fluid, 
as  out  of  the  fluid. 

The  relative  gravities  />,  ^,  r  are  found  by  the  Schol.  of  the 
laft  Prop. 


PROP.     XCIV. 

If  a  fluid  runs  thro""  any  tube^  pipe,  or  canal,  and  always  fills  it  \ 
its  velocity  in  any  place  will  be  reciprocally  as  the  area  of  the  fee- 
tion  in  that  place. 

Let 
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Let  AB^  CD  be  two  feflions  at  J  and  C;  and  l^t  the  quan-  j  24 
tity  of  th.'  fluid  JBDC,  in  a  very  fmall  time,  be  tranflaied  into 
the  part  ai^dc  of  the  pipe.  Draw  pp,  ^q  perpendicular  to  JS^ 
CD,  or  parallel  to  the  motion  of  the  fluid  ;  then  Pp,  ^r^^q  being 
indefinitely  fmall,  will  be  the  velocities  of  the  fluid  at  P  and 
^,  or  the  fpaces  defcribed  in  that  Imall  part  of  time.  Then, 
becaufe  the  pipe  is  always  full,  the  quantity  ABDC  zz  abd:. 
Take  from  both,  the  part  abDC,  which  is  common  ;  and  there 
remains   ABba—CDdc,  that  is   the  feftion   APBxPp—i'cttion 

Cor.  I.  Tbe  quantity  of  motion  of  the  fiidd  in  the  pipe  AD,  at 
any  fe£lion  CD  ;  is  equal  to  the  motion  of  a  cylinder  of  that  fluid, 
'■juhofe  bafe  is  CD,  and  length  the  fame  "xith  the  pipe  from  the  he- 
gijining  to  that  fetlicn^  and  velocity  that  of  the  fluid  at  CD.  Or 
the  quantity  of  motion  at  CD^  is  as  the  length  of  the  pipe  to  that 
fedion  CD. 

For  fince  the  velocity  in  A  is  as — ? — ,  the  motion  of  ABha 

APB 

is  "*  that  is  as  Pp  ;  and  the  motion  of  the  whole,  is  as  the 

APB 

fum  of  all  the  Pp,  or  the  length  of  the  pipe,  without  any  regard 

to  the  diameter  AB.     The  cylinder,  whole  bafe  is   C^D,  and 

height  Pi^iszzP^xC^D  •,  and  its  motion  with  velocity  at  C, 

is  —     ^^    '•^.  z=.  P0  the  length  of  the  pipe,  as  before. 
C^D  ^  °  ^  ^ 

Cor.  2.  If  Water  is  driven  through  the  pipe  PR  by  fome  given 
force  a^ing  at  P,  and  the  length  of  the  pipe  PR  be  given  •,  the 
quantity  of  water  dif charged  at  R,  in  a  fecond^  or  fome  given  tinie^ 
will  be  as  the  fedion  at  R. 

For  it  the  force  is  given,  the  motion  generated  in  a  given 
time,  will  be  given  ;  and  this  motion,  being  as  the  quantity 
of  water  x  velocity  an  R  \  therefore  the  quantity  forced  through 
R,  will  be  reciprocally  as  the  velocity,  or  diredly  as  the  feftion 
at  R,  by  this  Prop. 

Cor.  3.  ^he  velocity  and  quantity  of  motion,  is  the  fame  very  near 
in  crooked  tubes  as  in  fir  eight  ones  ;  and  in  pipes  divided  into  feveral 
branches  \  taking  the.  fedion  of  all  the  branches  as  the  fedion  of 
one  tube, 

T  PROP. 
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PROP.   xcy. 

In  any  pipe  ivhofe  fe5fion  is  ABCD,  thejlrefs  or  force  to  fplit  any 
^  part  of  the  pipe  at  B,  is  equal  to  half  the  prejjure  of  the  fluid 

upon  tb?  plane  BD,  drawn  perpendicular  to  the  curve  in  B^  and 
of  the  fame  length  as  that  part  of  the  pipe^ 

Let  Ee  be  any  fmall  part  of  the  furface ;  draw  EO  perp.  to 
the  curve  Ee.  Draw  £»,  en  perp.  to  BO,  and  er  perp.  to  EN. 
And  let  OE  reprefent  the  preffure  of  a  particle  of  the  fluidj 
then  ^Ox^^^preflure  upon  £^.  The  force  OE  may  be  di- 
vided into  the  two  ON,  NE  ;  of  which  OiV tends  only  to  fplit 
the  tube  at  J,  but  that  in  direction  NE  is  the  force  to  feparate 
the  parts  at  ^.  Therefore  jEiVx-^^^  is  the  ftrefs  at  5.  But  the 
triangles  Eer,  EON  are  fimilar,  and  EexENzzEOxer,  or 
EOxNn.  Therefore  the  part  of  the  prefllire  on  Ee,  in  direc- 
tion NEi  from  whence  the  ftrefs  at  B  arifes,  is  zz  EOxNn,  that 
iszzto  the  prefTure  upon  the  plane  Nn.  Confequently  the  flrefs 
arifing  from  the  prclTure  on  BE  is  iz  prefTure  on  BN,  and 
from  the  preflure  on  BA  is  zz  prefTure  on  BO.  And  the  ftrefs 
at  D  by  the  prefTure  on  AD,  is  equal  to  the  prefTure  on  OD. 

Alfo  we  fuppofe  the  fame  forces  adting  in  the  femi-circle 
BCD :  but  thefe  ferve  only  to  keep  the  forces,  adling  upon 
B,^D,  in  equilibrio. 

Cor,  I .  'Thejlrefs  on  any  pari  of  a  pipe  full  of  water^  is  as  the 
diameter  of  the  pipe,  and  the  perpendicular  height  of  the  'uoater  above 
that  place.  And  confequently  the  thicknefs  of  the  ?netal  ought  to  be 
in  that  ratio. 

Cor.  2.  In  any  concave  furface,  cajk,  orveffel,  generated  by  re- 
volving round  an  axis,  and  filled  with  a  fluid  -,  the  flrefi  as  to 
fplit  ling  is  equal  to  half  the  prejfiire  upon  the  plane  paffing  through 
its  axis.  And  the  ftrefs  on  both  fides  at  B  and  D,  equal  to  the 
whole  preflure  on  that  plane. 

Cor.  3.  Hence  the  internal  preflure  on  any  length  of  the  pipe .^  is 
to  the  ftrefs  it  fifers  as  to  fplit  ti/jg  ::  ^j  2x3.1416,  to  i. 

Cor.  4.  He>!ce  it  follows,  that  the  flrefs,  arifing  from  any  pref- 

fure,  upon  any  part,  to  fplit  it  longitudinally,  tranfverfely,  or  in 

7  any 
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Mny  direofion^  is  equal  to  the  prejjure  upon  a-plane^  drawn  perpendi-  f  i  g. 
cidar  to  the  line  of  dircclion.     Thus  the  Jlrefs  arifmgfrom  the  pre/-   i  jr. 
Jure  on  BE  is  zi  prejfure  on  BN. 

Cor.  5.  And  if  the  pipe  he  flexible  -,  it  will,  hy  the  preffure,  he 
put  into  a  cylindrical  form  ;  or  fuch  that  the  feSiicn  is  a  circle. 

For  if  BD  be  greater  than  AC^  there  will  be  a  greater  pref- 
fure  in  dire6lion  O^than  in  direftion  05.  And  the  greater 
prefiure  will  drive  out  the  fides  ^and  C,  till  AC  become  equal 
to  BB  \  and  ABCD  be  a  circle.  Befides,  a  circle  is  more  ca- 
pacious than  any  other  figure.  And  if  a  pipe  be  not  flexible, 
yet  the  prefiure  of  the  fluid  will  always  endeavour  to  put  it 
into  a  circular  figure. 

Cor.  6.  And  if  an  elaftic  coTiiprcffed  fluid  he  incloftd  in  a  veffeU 
flexible,  and  capable  of  being  diflended  every  way  ;  it  will  form  itfelf 
into  a  fphere,  for  the  fams  reafon. 


PR  O  P.    XCVI. 

If  a  chfe  flexible  tube  AB  full  of  air,  htimmerfed  wholly  or  in  part   j  2^, 
in  the  water  CDEF-,  the  force  to  fjplit  it,  in  any  place  O,  is 
proportional  to  AO,  its  height  froin  A. 

For  the  air  comprefiied  at  A  is  in  equilibrio  with  the  external 
preflfure  of  the  water.  At  B  and  O  the  air  is  in  the  fame  com- 
prefied  fliate  as  in  A,  but  the  external  preflTure  at  5,  is  lefs  by 
the  weight  of  the  column  of  water  AB  :  and  at  any  place  0* 
the  external  preflTure  is  lefs  than  in  A^  by  the  weight  of  AO  ; 
therefore  the  internal  prefl^ire  at  O  exceeds  the  external,  by  the 
weight  of  the  column  of  water  AO.  And  the  ftrefs  at  O  is  as 
that  excefs. 

Cor.  I.  Theflrefs  is  great  eft  at  the  top  BG,  and  at  A  is  nothing. 

Cor.  2.  If  the  tube  he  inflexible -,  the  flrefs  will  be  according  to 
the  flate  of  the  compreffed  air  within  it.  If  the  air  within  be  the 
fame  as  the  external  air  at  5,  then  the  ftrefs  at  O  is  as  BO.  If 
it  be  lefs  then  the  external  air,  the  increafe  of  the  flrefs  will  be 
alfo  as  BO  -,  a^ing  at  the  outfide.  If  it  he  of  very  great  denfity, 
the  increafe  of  ftrefs  at  0  is  as  AO. 

T  2  For 
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For  the  prefTure  within  is  uniform  j  but  withQut,  it  is  as  the 
^  *  depth  of  the  water. 


PROP.     XCVII. 

^'be  quantity  of  a  fluid  flowing  in  any  time  through  a  hole  in  the 
bottctn  or  fide  of  a  vejftl^  always  kept  fiiU ;  is  equal  to  a  cylinder 
ivhofl  bafe  is  the  area  of  the  hole,  and  its  length  the /pace  a  body 
will  defcribe  in  that  time^  with  the  velocity  acquired  by  falling 
through  half  the  height  of  the  liquor  above  the  hole. 

I  ^-^  Let  ADB  be  a  veflel  of  water,  B  the  hole,  and  take  BCzzBD 
the  height  of  the  water.  And  let  the  cyhnder  of  water  i)C  fall 
by  its  v/eight  through  half  DB^  and  it  will  by  that  fall,  ac- 
quire fuch  a  motion,  as  to  pafs  through  Z^5  or  BC  uniformly 
in  the  fame  time,  by  Cor.  3.  Prop.  XIV^.  But  (by  Prop. 
LXXXIII.  and  Cor.  2.)  the  water  in  the  orifice  B  is  prefled 
with  the  weight  of  a  column  of  water,  whole  bafe  is  B  and 
height  BD  or  £C;  therefore  this  preflute  is  equal  to  the  weight 
of  the  cylinder  BC.  But  equal  forces  generate  equal  motions  : 
therefore  the  preffure  at  B,  will  generate  the  fame  motion  in  the 
fpouting  water,  as  was  generated  by  the  weight  of  the  cylinder 
of  water  BC.  Therefore  in  the  time  of  falling  through  half 
DJ5,  a  cylinder  of  water  will  fpout  out,  whofe  length  (or  the 
Ipace  pafled  uniformly  over)  is  BC  or  BD.  And  in  the  fame 
time  repeated,  another  equal  cylinder  BC  will  flow  out,  and  in 
a  third  part  of  time,  a  third,  6jc.  Therefore  the  length  of  the 
whole  cylinder  run  out,  will  be  proportional  to  the  time,  and 
confequently  the  velocity  of  the  water  at  B  is  uniform.  There- 
fore in  any  time,  the  length  of  a  cylinder  of  water  fpouting  our, 
will  be  equal  to  the  length  defcribed  in  that  time,  with  the  ve- 
locity acquired  by  falling  through  half  DB, 

Cor.  I .  Hence  in  the  time  of  falling  through  half  DB,  a  quan^ 
tity  rf  the  fluid  runs  out,  equal  to  a  cylinder  whofe  bafe  is  the  hole  ; 
and  length,  the  height  of  the  fluid  above  the  hole. 

Cor.  2 .  The  velocity  in  the  hole  B  is  uniform,  and  is  equal  to 
that  a  heavy  body  acquires  by  falling  through  half  DB. 

Cor. 
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Crr.  ^.  But  at  a  fmdl  difiance  withcut  the  hole,  the  Jlr earn  is   1-.3. 
ccntrdufed  into  a  kjs  dic-.meter,  avd  its  velocity  increffed  •,  Jc  that  if 
a  fiidd  fpout  through  a  hole  made  in  a  thin  plate  of  metal,  it  ac- 
quires a  '■jelocity  Jiearly  equal  to  thdt,  zvhich  a  heavy  body  acquires 
by  falling  the  whole  height  of  the  ftagna^it  fluid  above  the  hole. 

For  fince  the  fluid  converges  from  all  lidrs  towards  the  cen- 
ter ot  the  hole  BF  \  and  all  the  particles  endeavouring  to  goon 
in  rio^ht  lines,  but  meeting  one  another  at  the  hole,  they  will 
comprefs  one  another.  And  this  compreflion  being  every  where 
direded  to  the  axis  of  the  fpouting  cylinder-,  the  parts  of  the 
fluid  will  endeavour  to  converge  to  a  point,  by  which  means 
the  fluid  will  form  itfelf  into  a  Tort  of  a  conical  figure,  at  fome 
diftance  from  the  hole  as  BEGF.  By  this  lateral  compreflion, 
the  particles  ncsrthe  fides  of  the  hole  are  made  to  dekribe 
curve  lines  as  HE,  KG  -,  and  by  the  dired:  com.prefllon,  the 
fluid  from  the  hole  is  accelerated  outwards  at  EG  ;  and  thus  the 
fl:rtam  will  becontradled  at  £,  in  the  ratio  of  about  v/2  to  i, 
and  the  velocity  increafed  in  the  fame  ratio. 

It  mufl:  be  obferved,  however,  that  the  particles  of  the  fluid 
don't  always  move  right  forward  -,  but  near  the  edge  of  the 
hole,  often  in  fpiral  lines.  For  no  body  can  infl:antly  change 
its  courfc  in  an  angle,  but  mufl:  do  it  gradually,  in  fome  curve 
line. 

Cor.  4.  The  faiid  at  the  fame  depth,  f pouts  out  nearly  with  the 
fame  velocity,  upwards,  downwards,  ftdeways,  or  in  aiiy  dire^ion. 
And  if  it  fpout  vertically,  afcends  nearly  to  the  upper  furface  of 
the  fluid. 

Cor.  5.  f  he  velocities  of  the  fluid,  fpouting  out  at  different  depths, 
are  as  the  fquare  roots  of  the  depths. 

For  the  velocities  of  falling  bodies  are  as  the  fquare  roots  of 
the  heights. 

Cor,  6.  Hence  if  s—i6  -"-^feet,  D  =  depth  of  the  veffel  to  the 
center  of  the  hole,  F  —  area  of  the  hole,  all  in  feet,  t  zz  time  in 
feconds.  Then  the  quantity  of  water  running  out  in  the  time  t,  by 
this  Prop,  will  be  iFs/TUsfeet,  or  6.i2^tF\/nJ7 ale  gallons. 

S  C  H  O  L. 

There  are  feveral  irregularities  in  fpouting  fluids,  arifing 
from  the  refiftancc  of  the  air,  the  fridion  of  the  tubes,  the  big- 

nels 
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p  I  o.  nefs  and  {hape  of  the  veflel,  or  of  the  hole,  ^c.  A  fluid  fpouts 
J  28.'  fartheft  through  a  thin  plate  -,  if  it  fpout  through  a  tube  inftead 
of  a  plate,  it  will  not  fpout  lb  far-,  partly  from  the  fridion, 
and  partly  bccaufe  the  llream  does  not  converge  fo  much,  or 
o-row  fmaller.  A  jet  de'au  fpouts  higher,  if  its  direftion  be  a 
little  inclined  from  the  perpendicular ;  becaufe  the  water  in  the 
wppermoft  part  of  thejet,  falls  down  upon  the  lower  part,  and 
Hops  its  motion.  We  find  by  experience,  a  fluid  never  fpouts 
to  the  full  height  of  the  water  above  the  hole  ;  but  in  fmall 
heights  falls  fhort  of  it,  by  fpaces,  which  are  as  the  fquares  of 
tiie'heights  of  the  fluid.  And  all  bodies  prcjeftcd  upwards, 
fail  fiiorc  of  thole  projefled  in  vacno,  by  fpaces  which  are  in 
the  fame  ratio  ;  from  the  refillance  of  the  air. 

By  experiments,  if  the  height  of  a  refervoir  be  5  feet,  a  jet 
will  fall  an  inch  fhort ;  and  the  defeft  will  be  as  the  fquare  of 
the  height  of  the  refervoir.  But  fmall  jets  fail  more  than  in  that 
proportion,  from  the  greater  refiftance  of  the  air. 


PROP.     XCVIII. 

^29'  If  <^  notch  0^  fi,it.y  fghi,  in  form  of  a  parallelogram ,  he  cu^  cut  of 
the  fide  of  a  vejjel  full  of  water^  ADE  •,  the  quantity  of  water 
foicing  out  of  it^  will  be  4  the  quantity  flczving  out  of  an  equal 
orifice^  placedat  the  whole  depth  gi,  or  at  the  bafe  hi ;  in  the 
fame  time  :  the  vefjel  being  fuppofed  to  be  always  kept  full. 

For  draw  the  parabola  gob,  whofe  axis  is  gi^  and  bafe  hi^ 
end  ordinate  ro  -,  then  fince  the  velocity  of  the  fluid  at  any 
place  r,  is  as  v/J7^  (by  Cor.  5.  of  the  laft  Prop.)  that  is  (by 
the  nature  of  the  parabola)  as  the  ordinate  ro  -,  therefore  ro  will 
reprefent  the  quantity  difcharged  at  the  depth  or  fcftion  rn. 
Alfo  hi  will  reprefent  the  quantity  difcharged  at  the  depth  or 
bafe  hi.  Confequently  the  fum  of  all  the  ordinates  ro,  or  the 
area  of  the  parabola,  will  reprefent  the  quantity  difcharged  at 
all  the  places  r«.  And  the  fum  of  all  the  lines  hi  or  rn^  or  the 
area  of  the  parallelogram  y^i^z,  will  reprefent  the  quantity  dif- 
charged by  all  the  fe<5tions  rn,  placed  as  low  as  the  bafe  >&/<. 
But  the  parabola  is  to  the  parallelogram,  as  4  to  i. 


Cor. 
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F  I 


Cor.  I.  Let  s=i6^^  fief.     D—gi,  the  depth  of  the  Jlit,    Fzz    i^o 
r.rea  cf  the  flit,  fhig.     Then  the  q^nantity  flowing  out  in  any  time 
or  nwr.her  of  Jeconds  t,  is  —  I  tF^^. 

This  follows  from  Cor.  6.  of  the  lad  Prop. 

Cor.  2.  ^he  quantity  of  fuiid  difcharged  through  the  hole  rnht^ 
is  to  the  quantity  which  would  he  difcharged  through  an  equal  hole 
'placed  as  low  as  hi  j  as  the  parabolic  fegment  rohi,  to  the  reSlangk 
rnhi. 

This  appears  from  the  reafoning  in  this  propofition. 


F  r  G. 


L     H4    ] 

SECT.     X. 

T'he  reftjla72ce  of  Jluidsy  their  fo?xes  and  aSiions 
upon  bodies  ;  the  ^notion  of  Jljips^  and  pofiiion 
of  their  fails, 

PROP.     XCIX. 

A  body  defcending  in  a  fluids  adds  a  quantity  of  weight  to  the  fluid, 
equal  to  the  refiftance  it  meets  with  in  falling. 

For  the  refiftance  is  equal  to  the  gravity  loft  by  the  body. 
And  becaufc  action  and  re-adion  are  equal  and  contrary,  the 
gravity  loft  by  the  body,  is  equal  to  that  gained  by  the  fluid. 
Therefore  the  refiftance  is  equal  to  the  gravity  gained  by  the 
fluid. 

Ccr,  \,  If  a  body  afcends  in  a  fluid  ;  it  diminifJoes  the  gravity  of 
the  fluid,  by  a  quantity  equal  to  the  refiflance  it  meets  with. 

Cor.  2 .  Hhis  increafe  of  weight  arifing  from  the  reflftance,  is 
over  and  above  the  additional  weight  mentioned  in  Cor.  i .  Prop. 
LXXXV. 

Cor.  0^.  If  a  heterogeneous  body  defcend  in  a  fluid  •,  it  willendea- 
vour  to  move  with  its  center  of  gravity  for  em  cfl,  Itavivg  the  center 
of  gravity  cf  as  much  of  the  fluid,  behind. 

For  the  fidetowards  the  center  of  gravity  contains  more 
matter,  and  will  more  eafily  make  its  way  through  the  fluid  5 
and  be  lefs  retarded  in  it. 

PROP. 
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If  any  body  moves  through  a  fluid ;  the  rejijlance  it  meets  with,  is 
as  thefquare  of  its  velocity. 

For  the  refiftance  is  as  the  number  of  particles  ftruck,  and  the 
velocity  with  which  one  particle  is  ftruck.  But  the  number  of 
particles  of  the  fluid  which  are  ftruck  in  any  time,  is  as  the 
velocity  of  the  body.  Therefore  the  whole  refiftance  is  as  the 
fquare  of  the  velocity. 

Cor.  I.  'The  reftflances  of  ftmilar  bodies  moving  i?i  any  fluids ,  are 
as  the  fquares  of  their  diameters^  the  fquares  of  their  velocities ^  and 
the  denjities  of  the  fluids. 

For  the  number  of  particles  ftruck  with  the  fame  velocity,  are 
as  the  fquares  of  the  diameters,  and  the  denfities  of  the  fluids. 

Cor.  2.  If  two  bodies  A,  By  with  the  fame  velocity ^  meet  with 

the  reftflances  p  and  q  •,  their  velocities  will  he  as  — —  and 

when  they  meet  with  equal  reftflances. 

For  let  b  be  the  common  velocity,  then  p:hh\:q:  — i-,  and 

P 

h\/^-  —  velocity  of  A  to  have  the  refiftance  q ;  and  fince  b  n 

P 
velocity  oi B  to  have  the  fame  refiftance  q-^  therefore  vel.  A: 

vel.J5::  b^L-.b  ::  4- ^  — • 
P  VP     \/l 


PROP.    CI. 

The  center  of  reftflance  of  any  -plane  moving  direSily  forward  in  a 
fluids  is  the  fame  as  the  center  of  gravity. 

The  center  of  refiftance  is  that  point,  to  which  if  a  contrary 
force  be  applied,  it  fliall  juft  fuftain  the  refiftance. 

Now  the  refiftance  is  equal  upon  all  equal  pares  of  the  plane, 
and  therefore  the  refiftance  afts  upon  the  plane,  after  the  fame 

U  manner 
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F  I  C. 


manner,  and  with  the  fame  force  as  gravity  does  ;  therefore  the 
center  of  both  the  refiitance  and  gravity  mull  be  the  fame. 

Cor.  I.  In  nny  body  movhig  through  a  fluid;  the  line  of  dire^ion 
of  its  motion  -ivill  pfjs  through  the  center  of  rejiftance.,  and  center  of 
grcuity  of  the  bcdy. 

For  if  it  do  nor,  the  forces  arifing  from  the  weight  and  refift- 
ance,  will  not  balance  one  another,  which  will  caqle  the  body  to 
iibrate  or  ofcillate  in  the  fluid  ;  till  by  degrees  the  fituation  of 
thefe  two  centers  will  fall  into  the  line  of  their  motion. 

Cor.  2.  And  for  the  fame  reafon  ;  if  a  globe  ^  moving  in  a  fluids 
ofcillates  or  turns  round  its  axis  -,  that  fide^  which  ni  ofcillating 
moves  againfi  the  fluid,  fuffers  a  greater  force  or  refijlance  \  and 
therefore  the  body  is  driven  from  that  part,  and  made  to  recede  from 
that  fide,  and  deflect  to  the  other  fide  ;  and  pet'haps  defcribe  a  curve 
line  in  the  fluid* 


PROP.    CII. 

24-0.  -5^  ^  non- tenacious  fluid,  fiich  as  the  wind,8zc.  move  againfl  the  fail 
SA  or  any  plane  furf ace,  in  direction  WS  -,  it  fhallurge  it  in  a  di- 
rection WA  perpendicular  to  that  furface,  ivith  a  force,  which  is 
GS  the  fquare  of  the  velocity,  thefquare  of  the  fine  of  the  angle  of 
incidence.^  the  magnitude  of  the  faily  and  the  denfity  of  the  fluid. 

Draw  WA,  y^C perpendicular  to  SA^  SJV;  and  the  force  of  the 
fluid  upon  SA,  is  as  the  force  of  one  particle,  and  the  number 
of  them  falling  on  SA. 

But  (by  Cor.  i.  Prop.  IX.)  the  force  of  one  particle  is  as  its 
velocity  x  5.  incidence  IVSA. 

And  the  nu.mber  of  them  (fuppofing  the  denfity  to  be  given) 
is  as  their  velocity  xC^,  or  (fuppofing  the  fail  .S J' given)  as  the 
velocity X 5. /^F^yf. 

Therefore  the  force  of  the  fluid  upon  the  fail  SA,  is  as  the 
fquare  of  the  velocity,  and  the  fquare  of  the  fine  of  WSA. 

Increafe  the  denfity  of  the  fluid,  and  the  magnitude  of  the 
fail,  in  any  ratio;  and  its  evident  the  force  of  the  fluid  againfl: 
the  fale,  will  be  increafcd  in  the  fame  ratio. 

Ccr, 
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Cor.  I.  Andif  a  thin  body  move  i7J  afiuid  at  rejl;  tie  fame  laiv     ^.^^ 
holds  in  refpe5i  of  the  rejijtaiue  ii  vie 0ts  with ^  in  the  diretf  ion  perpen- 
dicular to  its  furface. 

Cor.  2.  If  a  fluid  with  a  given-velocity  move  in  dire  £f  ion  PFSy  a-    1 4.1. 
gainji  the  fail  S  J  i  its  force  to  move  the  fail  in  any  given  dire^ion 
SB,  is  as  thefquare  of  the  S.WSAxby  theS.ASB.     And  if  WSB      ' 
he  a  right  angle,  as  S.IVSA  X  i  fine  of  twice  WSA. 

For  let  SD,  DBbt  perpendicular  to  SA^  SB.  Then  SD\s  the 
xn^hole  force-  afting  at  6\  and  SB  the  force  in  d.redlion  6"^,  and 
^5  is  as  S.SDB  or  ASB.  And  if  ASB  be  the  comp.  of  WSJ^ 
then  S.WSA  x  cof.  TVSA  is  as  S.  twice  IVSA,  by  trigonometry. 

Cor,  3.  the  force  of  a  fluid  in  dire£lion  PFS,  to  move  the  fail  or 
lody  SA  in  the  fame  dire^ion  IVS ;  is  (ceteris  paribus)  as  the  cube 
cf  the  fine  of  incidence  WSA. 

For  then  JVSB  will  be  one  continued  flreight  line. 

Cor.  4.  But  the  force  of  a  given  flream  of  a  fluid,  againft  any 
fail  SA,  to  move  it  perpendicular  to  its  furface,  is  fimply  as  the  S. 
angle  of  incidence  :  but  to  move  it  in  the  fame  dire^ion  with  itfelf^  as 
thefquare  of  the  S.  incidence :  all  things  elfe  remaining  the  fame* 

This  follows  from  Cor.  i.  Prop.  IX.  and  Cor.  2.  of  this. 

S  C  H  O  L.    I. 

"  If  the  angle  WSB  be  given  ;  the  fluid  will  have  the  greateft 
force  poflible  againil  the  fail,  to  move  it  in  diredion  SB  \  when 
its  pofition  is  fuch,  that  the  fine  of  the  difF.  of  the  angles 
WSA-ASB,  may  be  i  the  fine  of  the  fum  WSB, 

S  C  H  O  L.     II. 

If  the  fluid  be  tenacious  it  will  urge  the  body  in  the  fame  direc-    ^aq, 
tion  with  itfelf,  and  with  a  force  which  is  as  the  fine  of  inci- 
dence :  or  univerfally,  as  the  fine  of  incidence,  the  fquare  of  the 
velocity,  the  magnitude  of  the  fail,  and  denfity  of  the  fluid. 

For  by  realon  of  the  tenacity  of  the  fluid,  the  fail  is  a6led  on 
by  both  the  forces  WA-,  ASy  which  are  equivalent  to  WS, 


V  2  PROP; 
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FIG. 

PROP.  cm. 

142  V  ^  "^^^n  ^^^^  ^"^  light  hody  SJ,  plain  on  hoth  fides ^  le  placed  in 
a  very  denfe  fluid,  which  moves  in  dire£Jion  IVS  ;  a7td  the  body  can 
make  little  or  no  way  thro'  the  fluid,  hut  only  in  the  direBion  of 
its  leJigth  SA.  And  if  the  body  be  obliged  to  tnove  parallel  to  itfelf 
in  a  given  dircolion  SD.     I  fay  the  body  will  be  fo  moved  in  the 

fiuidj  that  its  abfolute  velocity  will  be  zz  -^ x  velocity  of 

S.ASD 

the  fuid. 

Draw  DT  parallel  to  AS,  and  produce  IFS  to  T.  Then  whilH 
a  part  of  the  fluid  moves  from  S  to  T,  the  body  will  be  moved 
into  the  line  TD  ;  and  fince  SD  is  the  diredion  of  its  motion, 
the  point  S  will  be  found  in  D.  And  therefore  the  velocities  of 
the  fluid,  and  of  the  body,  will  be  as  ST  to  SD ;  that  is,  as 
S.TDS  or  DSA,  to  SMD  or  PFSA. 

Cor.  I .  If  JVS  the  dire5fion  of  the  fluid,  is  perpendicular  to  SD 
the  direBion  of  the  body  -,  then  the  velocity  of  the  body  SA  will  he  zz' 
tan.  JVS  A  x  velocity  of  the  fluid. 

For —   z=  tan.  WSA,  radius   being  zz  i. 

S.ASD         cof  IVSA 

Cor.  1 .  And  hence  if  the  body  SA  continually  turn  round  an  axis 
parallel  to  JVS ;  then  the  velocity  of  SA  in  direction  perpendicular 
to  JVS,  will  be  as  the  tan.  JVSAy.velocily  of  the  fluid. 

For  SA'xn  this  cafe  will  always  have  the  fame  pofuion  to  the 
direiflion  of  the  fluid,  as  before. 

143.  Cor.  '^.  If  a  very  thin  body  SA  be  obliged  to  move  parallel  to  itfelf, 
through  a  very  denfe  fluid  at  refl  \  and  if  it  be  drawn  with  a  given 
velocity  in  direction  always  parallel  to  SJV.  Its  abfolute  velocity  in 
the  fluid,  will  be  reciprocally  as  the  cof.  WSA,  and  in  direHion  SA. 

Draw  AC  perpendicular  to  SJJ^.  Then  by  reafon  of  the  den- 
fity  and  refiftance  of  the  fluid,  the  body  will  not  be  able  to  move 
laterally,  but  only  in  diredlion  B)A.  But  the  velocities  of  the 
point  S  in  directions  SJJ^,  SA  are  as  SC  to  SA,  or  as  cof.  CSA  to 

rad.    Therefore  vel.  in  direction  5^  =: ^X  vel.  in  direc- 

cof  CSA 
tion  SJV. 

PROP. 
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F  I  O. 

PROP.     CIV. 

If  a  plane  furface  SJ,  moving  far  allel  to  itfelf,  with  velocity  and  iaa 
dire^ion  SJD,  be  a5led  upon  by  a  fluid  moving  with  velocity  and 
dirc8ion  IVS,  And  if  IFF  be  drawn  parallel  and  equal  to  SD  ; 
and  FS  drawn.     I  fay  the  fluid  aEls  upon  the  plane  in  the  angle 
FSA,  with  the  relative  velocity  FS, 

For  complete  the  parallelogram  WSDF ;  and  let  the  body  be 
at  reft,  and  the  fluid  move  with  the  contrary  motion  DS  or  FIV^ 
and  then  their  relative  moiions  will  be  the  fame  as  before  : 
and  the  fluid  will  have  the  two  motions  FIV,  FD  in  refped  of 
the  body  SA  at  reft.  Therefore  (by  Cor.  2.  Prop.  VII.)  the  mo- 
tion compounded  out  of  thefd  is  FS  ,  which  is  the  abfolute  mo- 
tion of  the  fluid,  fuppofing  the  body  at  reft  ;  or  the  relative  mo- 
tion of  it,  in  relprfl  of  the  moving  body  ;  and  therefore  afls 
on  it  in  the  angle  FSJ.  ' 

Ccr.  If  F  falls  in  the  line  S A,  then  the  fluid  a^s  not  at  all  upon 
the  body.  And  if  it  fall  on  the  contrary  fide  of  it ;  then  the  fluid 
a^s  on  the  contrary  fide  of  the  body  SA. 

S  C  H  O  L. 

The  fluid  will  move  with  the  furface  in  direction  SD^  with  the 
greateft  force  ;  when  it  has  fuch  a  pofition,  that  the  fine  of  the 
difi\  of  the  angles,  FSA— AS D^,  may  be  4  the  fine  of  the  angle 
ISD. 

And  when  the  angle  JVSA  is  given,  the  fluid  will  have  the 
greateft  force  upon  the  fail  SA,  to  move  it  in  direction  SD,  whea 

the  S.  angle  ASD  is  equal  to  --—.  x  t  the  S.  of  PFS A, 


PROP.     CV. 

Let  S A  be  the  fail  of  a  fhip,  SD  the  pofition  of  her  keel  \  SK,  DK  ,^^^ 
perpendicular  to  SA,  SD-     And  if  DE,  DS  be  as  the  refiftances 
the  fljip  has  ahead  and  afide-,  with  equal  velocities  j  and  if  DC  is 

a  mean 
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FIG.       ^  "^^^^  proportional  between  BE  and  DK  •,  then  SC  will  he  the 
145'       """"'^y  °f  the  pip  nearly. 

For  let  5A' perpendicular  to  5"// reprefent  the  force  of  the  wind 
upon  the  fail.  The  force  SK  is  relolved  into  the  forces  6D,  DK ; 
SD  is  the  diredl  force,  and  DK  the  force  producing  her  lee  way. 
By  Prop.  C.  her  refiftance  ahead  with  velocity  SD  :   refill,  ahead 

with  vel.  DEwSD'  DE\ 
and  refifl:.  ahead  with  vel.  Z)£:  ref.  afide  with  vel.  DEwDE:  SD^ 
andref.  afide  with  vel.  DE  :  ref.  afide  with  vel  DC::DE^:DC\ 
Therefore  ex  equo. 

Ref.  ahead  with  vel.  SD :  ref  afidf  with  vel.  DC  ::  SD'  x 
DE' :  DE'^xSDxDC'r.  SDxDE  :  DC\ 

But  the  refinances  are  as  the  forces  producing  them,  therefore 
SD  :  DK::SDxDE'.DC'-DEx  DK, 

Cor.  I.  Let  rzij7jip*s  reftftance  c.head^  Rzzjhip's  refifiance  aftde^ 
"joith  the  fame  velocity.  Then  R:  r  ::  radius  X  cot  an.  ASD  :  tan. 
fquare  cf  DSC,  the  leeway. 

For  let  rad.  —  i.  tan.  DSK  zz  t.     Then  i:t  ::  SDiDK  zz 

tx  SD;  and  SD  :  DC  or  ^DE  x  DK  or  ^/t  xSD  xDE  ::  i  z 

■nQr         /xDE 
tan.  DSL  —  \/ — - — 
^     SD 

Cor.  2.  Hence  the  tangent  of  the  lee-way,  in  the  fame  frJp,  is  as 
the/quare  root  of  the  cotangent  of  the  angle  ASD,  which  the  fail 
makes  with  the  keel.  Therefore  if  the  lee-way  be  known  for  any 
pofttion  of  the  fail,  it  will  be  known  for  all. 

S  C  H  O  L. 

The  lee-way  of  a  fhip  is  generally  fomething  niore  than  is 
here  afTigned  -,  becaufe  her  hull  and  rigging  will  make  her  drive 
a  little  to  the  leeward,  diredly  from  the  A'v'ind. 


PROP.     CVI. 

J  .^^  If  the  wind  with  a  pvcn  "oelocily,  in  direoficn  WS,  fall  on  the  fail 
SA  of  a  fhip  ^  making  little  or  no  lee- way  ;  it  will  urge  the  floip  in 
dire^ion  of  the  keel  SD,  with  a  force,  whichis  as  S.fFSA'  X  S.ASD. 

Drav/ 
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Draw  SC  perpendicular  to  SJ,  and  CD  to  SD.  And  (by  Prop. 
ClI.)  the  force  afting  upon  the  fail  in  diredlion  SC,\s  as  thefquare 
of  the  fine  of  PVSJ.  But  the  forces  in  direflions  5Cand  SD  are 
as  SC  to  SD,  or  as  radius  i  to  the  fine  of  SCD  or  ASD.  There- 
fore the  force  in  direction  SDzzS.JSD  X  force  in  diredlion  SC 
—  S.ASDr.S.WSA. 

Cor.  I.  '^hz  force  afung  in  direction  DC  perpendicular  to  the  keel, 
is  aslWsJ'  X  (^of.  ASD. 


7  I  G. 

I44« 


Cor.  2.  The  force  in  dire5fion  SD  ivill  he  univerfally  as  SIVSA"- 
X  S.ASD,  and  the  fquare  of  the  velocity  of  the  wind,  and  magni- 
tude of  the  faiU 

Cor.  3.  'The  velocity  of  the  finp  in  dire 51  ion  SD,  is  as  S.lVSAx 

y/S.ASD  X  velocity  of  the  wind. 

For  the  fquare  of  the  velocity  of  the  (hip  in  any  dlreflion,  is 
as  the  refiftance  in  the  water,  or  fits  equal)  the  force  of  the  wind 
upon  the  fail  in  that  direction ;  that  is  (by  Cor.  2.)  as  S.IVSA'' 
xS.  ASD,  and  the  fquare  of  the  velocity  of  the  wind.  The 
denfity,  and  fail  being  given. 

Cor.  4.  Let  the  angle  JVSA  be  given.  And  if  SDC  he  afemicircle 
defer ihed  on  any  given  line  SC ;  then  the  force  in  any  direction  SD  of 
the  keel,  is  'as  the  cord  SD  ;  and  the  velocity  as  y/SD. 

Cor.  5.  The  vclccity  of  the  fhip  to  windward,  is  as  SJP'SAx 

\/S.ASD  X  cof  WSD. 

For  draw  SP  perpendicular  to  JVS,  and  DC  to  SP ;  and  the 
velocities  in  directions  SD,  CD  are  as  SD  to  GD,  or  as  radius  i 
to  S.DSG  :  therefore  the  velocity  in  GD  -  S.DSG  x  SJVSA  X 
s/S.ASD.- 

Cor.  6.  The  force  of  the  fail  S A  to  turn  the  fhip  about,  is  as 
SlPf^'  X  cof  ASD. 

This  appears  by  Con  i.  fuppofmg  the  fail  placed  in  the  head 
of  the  Ihip. 


PRO  P. 
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F  I  G. 


PROP.     CVII. 

If  a  fir  earn  of  any  fluid  as  water  ^  flows  dire^ily  againfl  any  plane 
furface  \  its  force  againft  that  plane  is  equal  to  the  weight  of  a 
column  of  the  fluids  whofe  bafe  is  the  feflion  of  the  ftreatn  \  and 
its  length  tzvice  the  height  defcendcd  by  a  falling  body^  to  ac- 
quire the  'velocity  of  the  fluid. 

Let  JZZ16  ,\  feet,  the  height  defccnded  by  a  falling  body  in 
I  Tecond. 
•z/zz velocity  of  the  fluid,  or  the  fpace  it  defcribes  in  one 

fecond. 
^zibafc  of  the  cylinder  or  column  of  water. 
Then  2j=:velocity  generated  by  gravity  in  falling  through  s» 
Therefore  (by  Cor.  i.  Prop.  XIV.) 

ASS \  s WW  \  —  "zz  height  fallen  to  gain  the  velocity  v. 
And  -^  zz  twice  that  height.     Alfo B  —  a    cylinder  of 

IS  2S 

twice  that  height. 

Now  the  motion  which  the  cylinder's  weight  will  generate  in 

I   fecond,  is   2J  x  By  or  vvB  ;  the  motion  being  as  the 

2S 

body  xby  the  velocity.  And  the  force  of  the  fluid  againfl:  the 
plane,  is  equal  to  the  reflfl:ance  of  the  plane.  And  the  motion 
deftroyed  in  i  fecond  by  the  refiftance  of  the  plane,  is  '^x^'^  or 
vvB ;  which  was  alio  the  motion  generated  by  the  weight  of 

the  cylinder  S'^.  5,  in  the  fame  time.     But  equal  forces  in  the 

2S 

fame  time  generate  or  deilroy  equal  motions.  Therefore  the 
weight  of  the  cylinder  J^5  =:  force  of  the  fluid  againft  the 

2S 

plane. 

Cor.  I.  The  force  of  aftream  of  water  againft  any  plane^  is  equal 
to  the  weight  of  a  column  of  water^  whofe  bafe  is  the  fe£lion  of 

the  fiream^  and  height  —  ;   or  the   height  cf  the  water,  if  it 

2S 

fiow  through  a  hole  at  the  bottom  of  a  referz-oir. 

It  follows  from  this  Prop,  and  Prop.  XCVIl.  Cor.  2. 

Ccr.  2 .  Moreoz'cr  if  any  part  of  the  water  lie  upon  the  plane ; 
the  force  will  be  augmented  bj  the  weight  of  fo  mucb  water. 

Cor, 
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Cor.  3.  5"/?^  forces  of  different  Jlr earns  of  water  againjl  any 
"plane y  are  as  their  fe^ions  and  the  fquares  of  the  velocities, 

Ccr.  4.  If  the  plane  he  alfo  in  motion  ;  the  relative  velocity  of 
the  water  againfi  the  plane,  mufi  be  taken  inflead  of  the  ahfolute 
velodty. 

S  C  H  O  L. 

A  cubic  foot  of  water  contains  6.128  ale  gallons,  and  weighs 
92  t  lb.  aver. 

The  deofity  of  water  to  that  of  air  at  a  mean  is  as  850  to  \. 
Sir  Ilaac  Newton  found  the  refillance  of  water  to  that  of  air 
(by  the  ofcillations  of  a  pendulum)  to  be  as  446  to  i.  or  between 
446  and  478  to  I  ;  or  at  a  mean  as  460  to  i.  See  Scho). 
Prop.  XXXI.  Book  II.  Principia. 

L  E  M  M  A. 

If  the  quadrant   EDA  revolve  about  the  radius  CA^  and  defcrik   147* 
an  hemifphere  ;  and  from  all  the  points  of  its  furface,  as  D,  d^ 
perpendiculars  DB,  dh,  be  let  fall  upon  the  bafe  EC.     I  fay  the 
fum  of  all  the  perpendiculars  BD,  'in  thefurface  ED  Ay  is  to  the 
fum  of  as  many  radii  CD  j  as  i  to  2. 

For  take  Dd  infinitely  fmall,  and  complete  the  fquare  CAHN-, 
and  draw  C/-7,  alio  draw  DFGR,  dfgr  parallel  to  EC.  By  the 
liniilar  triangles  CDF,  Dnd  -,  DFxDd—CDxnd ;  alio  BD—CF 
-FG. 

The  furface  of  the  fpherical  annulus  DdfF  is  3,i4i6x2DF 
xDd  or  '^.i/!^i6x2CDxnd,  that  is  (becaufe  3.1416X  ^C'jD  iS 
given)  as  nd  or  Ff.  And  the  fum  of  all  the  BD's  in  the  annulus 
is  as  BDxhy  its  furface,  that  is  as  BDxFf  or  FCxFf.  There- 
fore the  fum  of  all  the  BD's  in  the  annulus  is  exprelled  by  the 
area  FfgG.  And  for  the  fame  reafon,  the  fum  of  as  many 
radii,  by  FfrR.  Therefore  the  lum  of  all  the  BD's  in  the 
hemifphere:  is  to  the  fum  of  as  many  radii  ::  as  the  fum  ot 
all  the  FfgG  :  to  the  fum  cf  all  the  FfrR  ::  that  is  as  the  tri- 
angle CAH :  to  the  fquare  CAHN,  or  as  i  to  2 . 


PROP.     CVIII. 

[f  a  cylinder  moves  uniformly  forward,  in  direct  ion  of  its  axis,  ifi   14? 
a  fluid  of  the  fame  denfity  ;  it  meets  with  a  refill ance  c^nal  to 

X  ^  /^'^ 
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the  force 'j}bich  can  generate  its  motion,  in  the  time  it  defcrihes 
tisjice  its  length. 


F  I  G. 


148-  Let  JB  be  the  cylinder  moving  from  J  towards  G,  and  take 
FBCG  equal  to  JSBP-  And  let  us  firft  fuppofe  that  the  cylin- 
der JB,  whiHt  it  moves  forward,  puflics  againft  the  feveral 
parts  of  the  fluid,  and  drives  them  fucceflively  before  it,  in  di- 
rcdtion  of  its  axis,  from  the  feveral  places  through  which  it 
pafTes,  So  that  in  equal  times  it  moves  equal  quantities  of  the 
fluid,  and  communicates  to  them  the  fame  velocity  that  it 
moves  with.  It  is  evident  that  the  cylinder,  after  it  has  moved 
uniformly  forward,  the  length  of  its  axis  has  removed  the  cy- 
linder of  the  fluid  FBCG  equal  to  itfclf  JSBF,  and  has  com- 
municated a  motion  to  it  equal  to  its  own.  And  fince  adion 
and  re-adion  are  equal,  the  force  that  uniformly  generated  this 
motion,  is  equal  to  the  uniform  refiftance  the  cylinder  fuffered 
in  the  mean  time.  And  therefore  the  rcfillance  is  equal  to  the 
force  by  which  its  own  motion  can  be  generated,  in  the  time  ic 
defcribes  its  length. 

All  this  is  true,  upon  fuppofition  that  every  particle  of  the 
fluid  is  driven  diredtly  forward,  with  the  fame  velocity  the  cy- 
linder has.     But  fmce,  in  reality,  the  motion  generated  in  the 

147,  fluid  is  not  diredly  forward,  but  (by  Prop.  LXXX.)  diverges 

148.  on  all  fldes,  and  in  all  manner  of  directions  CD,  Cd,  Qc. 
Therefore  if  the  quadrant  JE  be  divided  into  an  infinite  num- 
ber of  equal  parts,  Dd,  and  to  all  the  points  Z),  ^,  the  radii 
CD,  Cd,  i5c.  be  drawn,  reprefenting  the  motions  of  the  par- 
ticles in  all  direflions ;  and  from  any  one  D,  the  perp.  DB  be 
drawn  on  EC.  Then  the  motion  CD  (  —  CJ)  is  relblved  into 
the  two  motions  CB,  BD  ;  of  which  CB  does  not  affeft  the  cy- 
linder •,  and  the  direift  motion  of  the  particle  D  is  only  BD, 
which  is  Itfs  than  CD.  Therefore  the  force  to  generate  this 
motion,  and  confequently  the  refiftance  of  a  particle  at  Z)  fequal 
to  this  force)  raufl:  be  lefs  than  before  in  proportion  of  CD  to 
BD.  Therefore  the  former  refiftance,  when  all  the  particles 
are  driven  direclly  forward  ;  to  the  refiftance  when  they  diverge 
on  all  fldes  ;  is  as  the  fum  of  all  the  radii  CD,  drawn  to  every 
point  of  the  furface  of  a  fphere,  to  the  fum  of  all  the  corre- 
iponding  fines  BD  ;  that  is  (by  the  Lem.)  as  2  to  i.  There- 
fore the  refiftance  the  cylinder  meets  wiih  now,  is  but  half  the 
former  refiftance.  Confequently,  fince  the  force  to  generate 
any  motion  is  reciprocally  as  the  time;  the  refiftance  will  be 
equal  to  the  force  that  can  generate  its  motion,  in  the  time  that 
ir  defcribes  twice  its  length.. 

8  d^^ 
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Cor.  I,  If  a  cylinder  moves  in  dire^ion  of  its  axis^  in  a  fluid  of       q 
the  fame  denftty,  and  with  the  velocity  acq^uired  by  faliing  in  vacuo ^      "^ 
from  a  height  equal  to  its  length  :  it  meets  with  a  rcfiflance .  equal  to 
its  weight. 

For  the  force  that  generates  its  motion,  in  the  time  of  its 
moving  twice  its  length  (or  of  falling  through  once  its  length), 
is  its  gravity. 

Cor.  2 .  If  ci  cylinder  'moves  uniformly  forward  in  any  fluid  ;  its 
refiflance  is  to  the  force  by  zvhich  its  whole  motion  ?n2y  be  generated^ 
in  the  time  of  moving  twice  its  length  ;  as  the  denfity  of  the  f,uid^ 
to  the  denfity  of  the  cylinder. 

For  if  the  denfity  of  tlie  fluid  be  increafed  in  any  ratio  j  the 
refiftance  will  be  increafed  in  the  fame  ratio. 

Cor.  3.  The  refiflance  of  a  cylinder  moving  in  any  fluid,  is  equal 
to  the  weight  of  a  cylinder  of  that  fluids  of  the  fame  bafe^  and  its 
length  equal  to  the  height  a  body  falls  in  vacuo.,  to  acquire  its  velo- 
city.    By  Cor.  i. 

Cor.  4.  Let  Jzr  16  -rV  f^£U  B  n  bafe  of  the  cylinder,  v  zi  its 
velocity,  or  the  fpace  defcribed  in  1  fecond.     Then  its  rfijtance  is 

—  weight  of  th€  cylinder 5,  of  the  fuid, 

S  C  H  O  L. 

If  the  cylinder  move  in  a  fluid  inclofed  in  a  veflel  •,  indead 
of  the  abfolute  velocity,  the  relative  velocity  in  the  fluid  muft 
be  taken,  in  order  to  find  the  refiftance.  And  befides,  if  the 
vefl"el  be  narrow,  the  refiftance  will  be  increafed  more  or  lefs, 
becaufe  the  fluid,  being  confined  by  the  vt-fl^el,  cannot  then 
diverge  in  all  direftions.  And  if  it  be  {o  confined,  that  it  can- 
not diverge  at  all,  but  is  obliged  to  move  diredly  forward  ; 
the  refiftance  then  will  be  double  ;  which  is  the  greateft  it  can 
poffibly  have,  or  the  utmoft  limit  of  its  refiftance.  Alio  by 
comparing  the  laft  Cor.  with  Cor.  i.  Prop.  CVll.  it  appears 
that  the  force  of  a  cylinder  of  water  againft  a  plane,  is  double 
the  refiftance  an  equal  cylinder  would  meet  wirh,  moving  in 
water  with  the  fan-e  velocity.  And  this  will  not  appear  ftrange, 
when  we  confiJer,  that  in  the  firft  cafe  the  wh  )le  motion  of 
the  water  is  deftroyed  by  the  refiftance  of  the  plane  •,  but  in  the 
Jatter  cafe,  the  water  diverges  every  way  from  the  moving  cy- 

X  2  lindcr, 


356  RESISTANCE    OF    FLUIDS,.. 

p.  J  Q    lindcr,  and  docs  not  partake  of  its  direft  motion.     But  if  the 
^   g"    water  was  not  kiffcred  to  diverge,   but  was  driven  dire(9:ly  foi- 
'    '    ward  with  the  motion  of  the  cylinder  -,  the  refiftance  would  th&n 
be  doubled  ;  and  thefe  two  cafes  would  become  the  fame. 

Le.mma. 

147.  If  the  quadi-mtt  ABE  revolve  about  the  radius  C/1,  and  generate 
an  beniifphere ;  arid  on  every  point  B  of  the  bafe^  perpendiculars 
BD  be  draivn.  I  fay  the  fiim  of  all  the  BD"-  on  the  bafe,  is  to 
the  fnni  of  as  many  CD%  as  i  to  2. 

Let  CD  —  r,  CB~x,  BD—y,  ^  =  3.1416-,    then   2r.v  —  cir- 
cumference of  BC.     Then, 

The  fum  of  all  the  rr  :  to  the  fum  of  all  the^^,  in  the  annulus 

Bby  is  as  icxxrr  :  to  icxxyy  ::  rrx  :yyx. 
And  fum  af  all  the  rr  :  fum  of  all  the_)j,  in  the  hemifphere,- 

is  as  fum  rrxxBb  :  dim  yyxxBb^  on  the  bafe  y 
Or  as  fum'  of  rrx-xBb  :  fum  of  rr—xxx^xBb  ; 
Or  as  the  fum  of  rrxxBb  :  fum  rrxxBb  —  ium  x^xBb^  in  the 

bafe. 

f  But  the  fum  of  all  the  xxBb—'i  +  2-^^-\-a^^  ^c.iorx^ 

zr  i  rr. 
•f  And  fum  of  sll  the  rrxxBb—  ir*.  putting  Shzzii. 
f  Alfo  the  fum  of  all  the  x^xBb—i^-\-2^-{-y-\-^',  Gtc.  tor^ 

X  I  =^r\ 
Therefore  the  fum  of  all  the  rr  :  fum  of  all  the  yy,  in  the 
heraifphere  ;  is  as  t  r'^ :  'Ir^—^r*^  or  as  t  to  -J,  that  is  as  2  to  ».. 


PROP.     CIX. 

Jf  a  gloh'e  move  uniformly  forward  in  a  compreffed.  infinite  fiuid  \ 
its  refifiance  is  to  the  force  by  which  its  "whole  motion  may  bs 
defiroyed  or  generated^  in  the  time  of  .defcribing  4  parts  of  its  diar 
iueter  •,  as  the  denfity  of  the  fluids  to  the  denfiiy  of  the  globe^ 
very  nearly. 

149.       Let  the  globe  move  in  the  direfbion  CA.     Draw  the  tangent 
D/^,  and  BBG  parallel  to  CA^  and  GHperp.to  BH-,  and  ler 

GD 

t  See  lVarc^%  Math.  Guide,  Part  Y, 
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GD  be  the  force  of  a  particle  of  the  fluid  againft  the  bafe  B^  fig. 
in  diredtion  GD'.  then  G//will  be  the  force  ading  againft  D,  140. 
in  diredion  DC.  And  this  force  is  to  the  force  in  direction 
GD  as  DC  to  DB.  Whence  the  force  againft  5,  is  to  the 
force  againft  D,  in  direction  GD  ;  in  a  ratio  compounded  of 
GD  to  GH,  and  DC  to  DB  -,  that  is  as  DC  to  DB\  There- 
fore the  force  of  all  the  particles  of  the  fluid  againft  the  bafe, 
is  to  their  force  againft  the  convex  furface  ;  as  the  fum  of  all 
the  DC\  to  the  fum  of  all  the  Z)5"  on  the  l^afe  ;  that  is  (by 
the  Lem.)  as  2  to  i.  1  herefore  the  refiftance  of  the  furfacs 
of  the  iphere,  is  but  half  the  rtfiftance  of  the  bafe,  or  of  a  cy- 
linder of  the  fame  diameter.. 

Now  the  globe  is  to  the  circumfcribing  cylinder  as  2  to  3  ; 
and  half  of  that  force  (which  can  deftroy  all  the  motion  of  this 
cylinder,  whilft  it  deicribes  2  diameters)  will  deftroy  all  its  mc* 
tion,  whilft  it  drfcribes  4  diameters.  And  therefore  the  fame 
force  that  deftroys  the  cylinder'^s  motion,  in  the  time  of  moving 
4  diameters,  will  deftroy  the  globe's  motion  whilft  it  moves  4- 
of  this  length,  or  4  c**  J^s  own  diameter.  But  (by  Cor.  2. 
Prop.  CVIII.)  half  the  refiftance  of  the  cylinder,  that  is  the 
refiftince  of  the  globe,  is  to  this  force;  as  the  denfity  of  the 
fluid,  to  the  denfity  of  the  cylinder  or  globe. 

Cor.  !■.  T'he  rsfifiance  of  a  fphere  is  but  half  the  reffance  cf  a 
cylinder^  cf  the  fame  diameter. 

Cor.  2.  The  refiftance  cf  a  globe  moving  in  any  fluids  is  equal  to 
the  weight  of  a  cylinder  cf  that  fluids  cf  the  fame  diameter  ;  and  its 
length  equal  to  half  the  height^  through  which  a  body  falls  in,  vacuo, 
to  acquire  the  velocity  of  the  globe-.     By  Cor.  3.  Prop.  CVIII. 

Therefore  if  j— 16  -,\-  feet,  vizivelocity  of  a  globe,  qr  tie  fpa,'e 
it  moves  in  i  feccnd,  Dzniis  d-ametcr :  then  its  refiftance  js  equal 
to  the  vxcight  of  a  cylinder  of  the  fluid,  of  the  fame  diameter  D,  ar,\i 

its  length   ,.     /bid  if  v—^^/ — 1,  its  refiftance  is  equal  to  the 

hs  3 

weight  cf  an  Cjual  globe  of  the  fluid. 

Cor,  3.  The  great  eft  velocity  a  globe  can  obia'n;  by  defcend'nghi 
a  flu'd ;  is  that  'xhich  it  would  acquire  by  falling  in  vacuo,  through 
a  f pace  that  is  to  4  the-  diameter  ;  as  tht:  d.jference  between  the 
denfity  of  the  globi  and  the  denfity  cf  the  fluid,  is  to  the  dinfity  of 
the  fluid. 

For  let  C,  F  be  the  denfities  of  the  globe  and  the  fluid  -,  D 
the  diameter  of  the  globe.  1  hen  fi nee  a  globe  is  ecjual  to  a 
4  cylindtfsj 
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no.    cylinder  whofe  heic'ht  is   ]-  D.     Therefore  the  weight  of  the 
14.Q.    gl^l^e  ~  weight  of  a  cylinder  of  the  fluid,  whofe  length  is  }  D 

X  -^  .     And  (by  Prop.  LXXXV.)  the  weight  of  the  globe 

in  the  fluid  is  =  weight  of  a  cylinder  of  the  fluid,  whofe  length 

is  ■-  D  X  r—  •     ^^^  C^y  ^^^'  '')  ^^^  refiftance  of  the  globe 

moving  with  the  velocity  acquired  by  falling  in  vacuo,  through 

(^j P' . 

the  height  ]  D  X— --, —  is  zi  weight  of  a  cylinder  of  the  fluid 

G—F 
whofe  length  is  4  D  X — - —     Therefore  the  weight  of  the 

r 

globe  in  the  fluid   is  equal  to  the  reflfl:ance  :  and  confequently 

it  cannot  accelerate  the  globe. 

G—F 
And  hence  if  v  zn  4v/ Ds^  the  rejijlance  is  equal  to  the 

lueight  of  the  globs  in  the  fluid. 

Cor.  4.  'T'LVo  equal  aud  homogeneous  globes  movifig  in  a  rejijiing 
medium ;  'will,  in  times  that  are  reciprocally  as  the  fir  ft  velocities^ 
d'fcribe  equal  f-paces  ;  and  lofe  a  given  part  of  their  'motions. 

For  the  motion  lofl,  in  defcribing  two  very  Imall  equal 
fpaces,  is  as  the  refinance  and  time  •,  that  is  (becaulc  the  ipace 
is  given)  as  the  fquare  of  the  velocity  diredly  and  the  velocity 
invcrfely  ;  that  is  diredly  as  the  velocity.  And  fo  in  defcrib- 
ing any  fpaces,  the  motion  loft  will  always  be  as  the  firft  mo- 
tion ;  and  the  time  reciprocally  as  the  firfl:  velocity. 

Cor.  5.  Two  homogeneous  globes,  moving  with  equal  velocities  in 
a  fluid ',  lofe  equal  velocities  in  defcribing  fpaces  proportional  to  their 
diameters. 

For  the  velocity  lofl  in  each,  by  defcribing  two  fmall  fpaces 
proportional  to  the  diameters  ;  will  be  as  the  refiflance  and  time 
directly,  and  the  body  inverfciy  •,  that  is  (becaufe  the  reflflance 
is  as  the  fquare  of  the  diameter,  and  the  time  as  the  diamiCter), 
as  the  cube  of  the  diameter  directly,  and  the  cube  of  the  dia- 
meter inverfely  :  therefore  the  velocity  lolt  is  equal  in  both. 
And  the  like  for  any  fucceeding  correfpondent  parts. 

S  C  H  O  L. 

The  reflftance  of  fluids   is  of  three  kinds,     i.  Tenacity  or 
cohefion  or  the  parts  of  the  liquor,  which  is  the  force  by  which 
the  particles  of  the  fluid  ftick  together,  ar.d  caufesthem  not  to 
feparace  eafily  ;  and  this  is  th«  famt  for  all  velocities.     2.  Fric- 
tion 
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tion  or  attritioHy  where  the  parts  of  the  fluid  do  not  Aide  freely  j,  j  j,^ 
by  one  another;  and  this  is  as  the  velocity.  3.  The  denfityot 
quantity  of  matter  to  be  removed  ;  and  this  is  as  the  fquare  of 
the  velocity.  The  two  former  kinds  are  very  fmall  in  all  fluids, 
except  vifcid  and  glutinous  ones ;  and  upon  this  account  the 
foregoing  theory  regards  only  the  lafl:  kind.  And  therefore 
the  reflltance  there  defcribed  is  the  very  leafl:  the  body  can  pol- 
fibly  meet  with.  But  fince  all  fluids  have  fome  fmall  degree  of 
friftion  and  tenacity,  they  will  increafe  the  refifl;ance  a  little. 
Alfo  when  the  velocity  is  very  great ;  the  compreflion  of  the 
fluid  ought  to  be  fo  too,  to  caufe  the  fluid  to  return  with  equal 
eafe  behind  the  moving  body  ;  and  when  this  does  not  happen, 
the  refiilance  is  increafed  upon  that  account.  For  a  fluid  yield- 
ing to  a  proje^l  le,  does  not  recede  ad  infinitum ;  but  with  a 
circular  motion  comes  round  to  the  places  which  the  body 
leaves.  Likewife  when  bodies  move  in  a  ilagnant  fluid  near 
the  furfacc  ;  the  fluid  cannot  dilate  itfelf  upwards,  to  give 
way  to  the  moving  body  -,  and  this  will  confiderably  increafe 
the  refiftance.  Aifo  if  a  body  moves  in  a  fluid  inclofed  in  a 
vefl!el;  the  relative  velocity  of  the  body  in  the  fluid  mufl:  be 
efteemed  its  true  velocity.  But  the  refifl:ance  it  meets  with  will  . 
be  increafed,  becaufe  the  fluid  has  not  liberty  to  diverge  every 
way.  And  the  ftraiter  the  vefifel,  the  more  is  the  refiftance 
increafed  ;  and  it  may  by  this  means  be  increafed  till  it  be  near 
double  ;  beyond  which  it  cannot  go.  For  all  that  a  body  can 
do  is  to  drive  the  fluid  wholly  before  if,  without  any  diverging. 
So  that  the  lead  refinance  a  globe  can  have  is  the  fame  as  is 
laid  down  in  Cor.  2.  of  the  lafl:  Prop  and  the  greatefl:  can  never 
exceed  the  double  of  it;  fo  that  it  will  always  be  between  thefe 
limits.  If  the  fluid  in  wh'.ch  the  body  moves  be  elaftic  and 
fpring  from  the  body ;  the  refiftance  will  be  greater  than  if  it 
was  non-elafl:ic.  But  thele  irregularities  are  not  confldered  in 
the  foregoing  theory. 

There  are  fome  bodies  that  may  be  reckoned  in  a  middle 
ftate  between  follds  and  fluids.  And  in  fome  of  thefe  the  tena- 
city and  frictii^n  is  fo  great,  as  in  many  cafes  far  to  exceed  the 
refiilance  arifing  from  their  denfity  only.  For  example,  it 
appears  by  experiments,  that  if  a  hard  body  be  fufpended  at 
feveral  heights,  and  be  let  fall  upon  any  loft  fubrtance,  fuch 
as  tallow,  fofc  clay,  wax",  fnow,  &c.  it  will  make  pits  or  im- 
prefiions,  which  are  as  the  heights  fallen,  that  is  as  the  fquares 
of  the  velocities.  Likewife  nails  give  way  to  a  hammer  in  a 
ratio  which  is  as  the  fquare  of  the  velocity.  Comparing  this 
with  Schol.  Prop,  XIV.     It  appears  that  in  tiiefe  caies,  the 

refiftance 
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F  I  G.  refiftance  is  the  fame  for  all  velocities :  which  argues  a  very 
149.  great  degree  of  tenacity.  Again,  bodies  projedled  into  earth 
mixt  wit'h  ftonesi  the  imprelTions  are  found  to  be  between  the 
fimple  and  duplicate  ratio  of  the  velocities.  Therefore  in  this 
cafe,  the  rchitance  is  in  a  lefs  ratio  than  the  fimple  ratio  of  the 
velocity  :  and  therefore  thefe  fore  of  bod'es  have  both  friclioii 
and  tenicity.  And  in  different  lorts  of  bodies,  there  is  great 
difference  and  variety  in  their  nature  and  conlhtution. 

tenacity  may  be  compared  to  the  force  of  gravity,  which  is 
always  the  fame  •,  with  this  difference,  that  tenacity  a6ls  always 
contrary  to  the  motion  of  the  body,  and  when  the  body  is  ac 
red,  it  is  nothing.  yf//nV/(?;/ may  be  compared  to  the  motion 
of  a  body  ftriking  always  a  given  number  of  particles  of  matter 
in  a  given  time,  with  any  velocity  :  and  therefore  the  refin- 
ance of  fuch  a  body  will  be  as  the  velocity. 


SECT. 
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SECT.       XL 

Methods  of  commu7iicating^  dire&ing^  and  regit-- 
lating  any  ?notion  in  the  pra&ice  of  mechanics. 


PROP.     ex. 

To  communicate  tnotion  from  one  body  to  another,  or  from  one  place 

to  another. 

1.  The  eafiefl;  and  fimplefl  method  of  communicating  mo-    jro. 
tion  from  one  thing  A  to  another  B,  is  by  a  rope  or  a  leaver 
AB^  reaching  between  the  two  places,  or  things. 

2.  Motion  is  communicated  from  one  wheel  or  roller  DC  151. 
to  another  AB^  by  a  perpetual  or  endlefs  rope  ABCD,  going 
once  or  oftner  about  them  :  or  if  you  will,  by  a  chain.     That 

the  rope  flip  not,  make  knots  on  it,  and  channels  in  the  v/heels, 
if  neceflary. 

3.  Motion  is  communicated  from  one  wheel  ABC^  to  an-   152. 
other  DEF;  by  the  teeth  in  the  two  wheels  working  together. 

Or  thus,  where  the  axis  of  yf  having  but  one  tooth  ;  one  revo-    jr?. 
lution  of  it  anfwers  to  the  motion  of  only  one  tooth  in  B. 

4.  Motion  is  communicated  from  one  place  to  another,  by    15;^. 
one  or  more  beams  or  leavers,  MB,  BC,  CE,  EF,  FH,  &'c. 
moveable  about  the  centers  A,  B,  C,  Z),  E,  F,  G\  of  which 

A,  Dy  G,  ^c.  are  fixed.  Here  if  the  point  M  be  moved,  the 
point  H  will  be  moved  -,  for  MB,  BC,  CE,  &c.  all  move  one 
another  to  the  lad,  FH. 

5.  Motion  may  alfo  be  communicated  from  A  to  B,  by  a    ji-r, 
pinion  at  A,  and  a  flreighc  ruler  with  teeth,  which  bite  one 
another. 


V  R  O  P. 
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FIG. 

PROP.     CXI. 

By  hdp  of  one  uniform  motion  given  ;  to  produce  another^  either  uni- 
form or  accelerated. 


132 
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I.  A  uniform  morion  is  produced  in  the  wheel  DEF ',  bymov- 
ino-  the  whtel  /JHC  uniformly,  which  carries  it.  Aifo  a  uni- 
form motion  is  produced  in  wheels  moving  by  cords,  as  ABy 
CD  :  for  one  being  moved  uniformly,  moves  the  other  alfo 
uni  brmly. 
c  2.  The  wheel  BF  may  be  made  to  move  uniformly  about  the 
center  C,  by  the  motion  of  the  wheel  BD.  On  the  bale  BF  with 
the  o-entrating  circle  BD,  defcribe  the  epicycloidal  tooth  BE. 
Then  the  point  B  of  the  wheel  AB,  moving  uniformly  about  the 
center  J,  and  pafling  over  the  tooth  BE^  will  move  the  wheel 
Bf  uniformly  about  C.  Here  the  afling  tooth  AB  ought  to 
be  made  crooked  as  Jb^  that  it  touch  not  the  end  E,  of  the  tooth 
BE,  if  it  a6l  on  the  concave  fide.  Or  el(e  the  plane  of  the 
wheel  BD  muft  be  raifed  above  the  plane  of  BF,  and  a  tooth 
made  at  B  to  bend  down  perpendicular  to  the  plane  of  the 
wheel,  as  JG,  to  catch  the  tooth  BE. 
I  -y^  3  The  leaver  AB  may  be  made  to  move  up  and  down  with 
either  a  uniform  or  accelerated  motion,  after  this  manner.  Let 
AE  be  a  wheel  whofe  axis  is  parallel  to  the  leaver,  and  diredly 
above  it.  Take  any  arch  N4.,  and  divide  it  into  any  number  of 
equal  parts  at  i,  2,  3,  ^c.  through  which  from  the  center  O, 
draw  Oa,  Oh,  Oc,  Od-,  and  make  la,  ih,  ^c,  4^,  ^c.  refpec- 
tively  equal  to  i,  2,  3,  4  equal  parts.  And  through  the  points 
N,  a,  b,  ^c.  draw  the  curve  Nabcd.  Then  the  part  NdF  being 
made  of  folid  wood,  and  fixed  to  the  wheel ;  and  the  wheel  be- 
ing turned  uniformly  about,  in  the  order  ENA-,  the  part  NF 
will  give  a  uniform  motion  to  the  leaver  AB,  about  the  center 
of  motion  C.  And  you  may  fix  as  many  of  thefe  teeth  to  the 
whtfel  as  you  will. 

Again,  in  the  tooth  AD,  if  Ai,  12,  23,  ^c.  betaken  equal, 
and  la,  2b,  3r,  4J,  ^c.  be  taken  equal  to  i,  4,  9,  16,  i^c. 
equal  parts  %  and  the  curve  Aabcd  be  drawn,  and  the  tojth  form- 
ed. Then  the  leaver  will  be  moved  with  a  uniformly  accele- 
rated motion. 

The  accelerated  motion  is  proper  for  lifdng  a  given  weight 
at  the  end  B,  as  a  hammer ;  or  for  working  a  pump,  by  a  chain 
gomg  over  the  end  B. 

4.  The 
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4.  The  leaver  AB^  may  alfo  be  moved  thus,  by  help  of  a  p  j  q, 
machine  GFA  moving  uniformly  along  GZ).  Make  ///,  IF  133.* 
right  lines  •,  and  make  as  many  fuch  teeth  as  you  will ;  and  thcfe 

will  give  a  uniform  motion  to  the  leaver. 

Make  the  curves  EFE  all  parabolas,  equal  and  cqui  diftant  -, 
whofe  vertices  are  at  F\  and  their  bafes  meet  at  £,  and  thefe 
will  make  the  leaver  rife  and  tall  with  an  accelerated  ir.otion. 
Such  parabolic  teeth  as  thefe  may  be  placed  on  a  wheel,  whole 
axis  is  perpendicular  to  the  horizon. 

5.  (jne  wheel  may  move  another  with  an  accelerative  motion    i -q. 
thus.     On  the  circle  or  wheel  EF^  take  Ea^  ab^  be,  ^c.   equal 

to  each  other.  And  on  the  edge  of  the  wheel  BD  take  5i,  a 
very  fmall  part;  and  13,  35,  57,  t^c.  3,  5,  7,  i^^c.  times  Bi, 
fuppofe  the  plane  of  the  wheel  EF  to  be  extended  as  far  as  the 
marks  i,  3,  5,  7,  &c.  then  turn  the  wheel  EF,  till  E  fall  on 
a  -,  then  mark  the  point  i  on  the  plane  of  the  wheel  £K  Then 
turn  EF  till  E  comes  to  b  ;  and  mark  tiie  point  3  on  the  plane 
of  the  wheel  ^EF.  Likewife  let  E  come  to  <r,  d,  i^-c.  and 
mark  the  points  5,  7,  i^c.  on  the  plane  of  the  wheel  EF  -.,  then 
E  I  3  S  7  ^  '^  ^'^^  figure  of  the  tooth  of  the  wheel  EF,  which 
being  uniformly  moved,  will  move  DB  with  an  accelerative 
motion. 


PRO  P.    CXII. 

To  change  the  direBion  of  any  motion. 


1.  The  direftion  of  any  motion  may  be  changed,  by  the  leaver   160. 
of  the  firft  kind,  for  the  two  ends  have  oppofue  motions.  Like- 
wife  a  bended  leaver  will  change  the  direftion  to  any  other  di- 
redion. 

2.  The  direftion  of  motion   may   be  changed  by  the  help    ,(;;j, 
of  pulleys,  with  a  rope  going  over  them.     Thus  the  diredion 

AB  is  changed  fuccefiively  into  the  oiredions   BC,   CD,  DE, 
EF,  FG, 


,      J.    VJ. 

3.  The  diredion  may  be  changed  by  wheels,  whofe  axles  are   162. 
rpendicular  to  one  another.    I'hus  the  diredion  AB  is  chang- 

ca  into  the  direction  EF',  by  the  wheel  C,  working  in  the  crown 
wheel  D. 

4.  The  diredion  may  be  changed,  by  making  the  lanthorn  B,   163. 
inclined  in  any  given  angle,  to  be  moved  by  the  coggs  of  the 


Y  2  wheel 
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F  I  G.   wl  e-l  //.    litre  the  rungs  at  F,  where  tl^^y  work,  mud  be  paral- 
1(33,    Icl  to  the  plane  of  the  wheel  A,  or  perpendicular  to  the  coogs. 
I'A..   '1 '^^  ^'^'^''^  thing  may  be  done  by  wheels  with  teeili,  as  C,  D. 
In  both  cales  the  axles  ot  the  two  wheels  mull  be  in  one  plane. 


PROP.     CXIIL 

To  regulate  any  motion,  or  to  make  it  uniform, 

J  5-^  !.  Any  motion  is  made  uniform,  by  the  help  of  a  pendulum 
AB,  fufpendtd  at  A  and  vibrating.  As  the  pendulum  vibrates, 
it  caufes  CDE  to  vibrate  alio,  about  the  axis  DE.  The  weight 
/carries  the  wheel  7?,  and  K  moves  LF,  Now  whilft  the 
pendulum  vibrates  towards  M,  a  tooth  of  the  wheel  GF  goes 
off  the  pallat  /,  and  another  catches  the  pallat  H  •,  and  when 
the  pendulum  returns  towards  iV,  it  draws  the  pkllat  //off  the 
tooth,  and  another  catches  the  pallat  /  ;  and  io  on  alternately. 
So  that  at  every  vibration  of  the  pendulum,  a  tooth  goes  off 
one  or  other  of  the  palats. 

i66.  2.  A  uniform  motion  is  effefted  by  the  pendulum  CF^  vibrat- 
ing in  the  arch  NM  about  the  center  of  motion  C.  As  the  pen- 
dulum vibrates,  it  caufes  the  piece /^Z)£  to  vibrate  along  with  it 
about  the  axis  of  motion  DR.  By  this  motion  the  leaf  a  catches 
hold  of  a  tooth  of  the  horizontal  wheel  GF,  in  its  going  ;  and 
the  leaf  h  of  another  tooth,  in  returning.  A  wheel  with  a 
weight  is  applied  to  the  pinion  Z,  to  keep  the  pendulum  going. 

167.  3.  A  pendulum  may  alfo  be  app'ied  thus  for  the  fame  pur- 
potc.  FG  is  a  thick  wheel,  or  rather  a  double  wheel,  whofe 
axis  is  parallel  to  the  horizon.  nF  a  pendulum  vibrating  upon 
the  axis  jD£,  which  is  parallel  to  the  planes  of  the  wheel  IG  j 
anh  two  wings  perpendicular  to  DF,  and  to  nF  ;  i,  r,  i  pins 
in  the  rim  G  \  and  2,  2,  2  pins  in  the  rim  F.  Thefe  pins  are 
in  the  planes  of  the  wheel  •,  but  not  perpendicular  to  the  cir- 
cumference, but  inclined  in  an  angle  of  about  45  degrees,  and 
the  pins  in  one  end  are  againft  the  fpaces  in  the  other ;  ab  is  pa- 
rallel to  the  axis  of  the  wheel  FG,  but  neither  in  the  fame  hori- 
zontal or  perpendicular  plane  •,  but  almoft  the  radius  of  the 
wheel  below,  and  fomething  more  forward.  Whilfl:  the  pendu- 
lum P  Vibrates  in  the  arch  MzV,  about  the  axis  DF,  the  wing^x 
catches  hold  of  a  tooth  in  the  end  F;  and  when  it  returns,  the 
wi,".o  b  catches  hold  of  a  tooih  in  the  end  G.   T  hus  the  pins  ad- 
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ing  alternately  againll  the  wings  a^  h^  keep  the  pendulum   go-   p  j  ^ 
ing,  by  help  of  the  wciuht  IV,  .     * 

4.  A  fteady  motion  is  continued  bv  applying  the  heavy  ,50* 
wheel  ABC^  to  the  machine  :  or  the  crofs  "-ar  DiE  loaded  with 
two  equal  weights  at  D  and  E.  Or  a  cylinder  oi  io  ne  heavy 
matter  may  be  applied  ;  bring  made  to  revolve  about  its  axis. 
By  thefe  the  force  of  the  power,  which  would  be  loft,  is  kept  in 
the  whee',  and  is  equally  diltnouted  in  all  parts  of  the  revolution. 
Such  a  wheel  is  of  great  ufe  in  fuch  machines  as  ^di  with  une- 
qual force  at  different  times,  \)r  in  different  parts  ot  a  revolution. 
For  by  its  weight  it  conftantly  goes  on  at  the  fame  rate,  and 
makes  the  motion  uniform,  and  every  where  equal.  By  reafon 
of  its  weight  a  little  variation  of  for  e  will  not  fenfibly  alter  its 
motion  :  and  its  fr ift  on,  and  the  rcfiftince  of  the  air  will  hinder 
it  frjm  accelerating.  If  the  machine  flackens  its  motion,  it 
will  help  it  forward  ;  if  it  tends  to  move  too  faft,  it  will  keep 
it  back. 

Every  fuch  regulating  wheel  ought  to  be  fixed  upon  that  axis, 
where  the  motion  is  fwifteft.  And  ought  to  be  the  heavier, 
the  flower  it  is  defigned  to  move  ;  and  the  lighter,  the  fwifter 
the  motion  is.  And  in  all  cafes  th"  center  of  morion  muft  be 
in  the  center  of  gravity  of  the  wheel.  And  the  axis  may  be 
placed  parallel  to  the  horizon,  as  well  as  perpendicular  to  it. 

\i  the  machine  be  large,  and  the  axis  of  the  heavy  wheel 
be  perpendicular  to  the  horizon  ;  the  heavy  wheel  may  be 
made  to  roll  on  the  ground,  round  that  axis  j  by  putting  the 
wheel  upon  another  axis  fixed  in  the  former  at  right  angles  to 
it;  and  thus  the  weight  is  taken  off  the  firfl:  axis.  And  two 
fuch  wheels  may  be  applied  on  oppofite  fides. 

5.  Any  fwift  motion  may  be  moderated  by  a  fly  AR^  move- 
able about  the  axis  CD.  This  is  made  of  thin  metal  ;  at  j  is  a 
fpring  to  keep  the  axis  and  fly  pretty  ftiff  together.  This  bridles 
the  rapidity  of  the  motion  of  the  machine,  to  which  it  is  ap- 
plied, by  reafon  of  its  great  refillance  in  the  air  ;  and  therefore 
it  hinders  thr  motion  from  accelerating  beyond  a  certain  degree. 
This  lort  of  fly  is  ufed  in  clocks,  and  is  fo  ufeful  in  any  moiion 
that  requires  to  ftop,  or  move  a  contrary  way. 

None  ot  the'e  regulating  wheels  or  flics  add  any  new  po^ver 
to  the  machine  i  but  rather  retard  the  motion  by  their  fri(^tiou 
and  refiltance. 
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FIG. 

PROP.     CXIV. 

2"(?  dcfcribe  feveral  forts  of  knots. 

As  ropes  are  made  ufe  of  in  feveral  forts  of  machines,  and 
efpecially  aboard  of  fhips  ;  it  is  proper  for  a  mechanic  to  know 
how  to  tye  them  together.  Therefore  I  fliali  here  defcnbe  fe- 
veral forts  of  knots,  not  io  much  to  teach  how  to  tye  them,  as 
to  fhew  the  form  they  appear  in,  when  they  are  tyed.  For  the 
n.ethod  of  tying  them  is  bell  learned  from  thole  that  can  tye 
them  already. 

1.  A  thumb  knot.  This  is  the  fimpleft  of  all ;  and  is  ufed  to 
tye  at  the  end  of  a  rope,  to  hinder  its  opening  out.  Alto  it  is 
u'.ed  by  taylors  at  the  end  of  their  thread. 

2.  A  hop  knot.     This  is  ufed  to  join  pieces  of  ropes  together. 
\'n~,         J^-  A  draiv  knot,  is  the  fame  as  the  lad  ;  only  one  (or  both)  ct 

the  ends  returns  the  fame  way  back,  zs  a  b  c  de.  By  pulling  at 
a  ihe  part  bed  comes  through,  and  the  knot  is  Icofcd. 

1- ,.        4.  Aringknct.    This  ferves  alfo  to  join  pieces  of  rope  together. 

lyr,  5.  Another  knot  io:'  tying  ropes  together.  This  is  made  ufe 
of  when  any  rope  is  often  to  be  looied. 

176.  6.  A  running  knot^  to  draw  any  thing  clofe.  By  pulling  at 
the  end  a,  the  rope  is  drawn  through  the  loop  b^  and  the  pare 
cd\s  drawn  clofe  about  a  beam,  ^c. 

177.  7.  AuDther  knot,  to  tye  any  thing  to  a  pod  ;  here  the  end  may- 
be put  through  as  oft  as  you  wilL 

j^3_  8.  A  z'eiyfmallknot.  There  is  a  thumb  knot  made  at  the  end 
of  each  piece  ;  and  the  end  of  the  other  is  to  go  through  it.  Thus 
the  rop^  ac  runs  through  the  loop  d^  a.nd  bd  through  c.  And 
then  drawn  clofe  by  pulling  at  ^  and  ^  :  if  the  ends  f,/ be  drawn, 
the  knot  will  be  looied  a^ain. 

o 

j^g.        9.  Affjer's  knot,  or  water  knot.     This  is  the  fame  as  the  4th, 

only  the  ends  are  to  be  put   twice  through  the  ring,  which  in 

that  was  but  once  •,  and  then  drawn  clofe. 
j^Q^        10.  A  maffjing  knot  for  nets  ;  and  is  to  be  drawn  clofe. 
J 3  J ^        \i.  A  barber's  knot^  or  a  knot  for  cawls  of  wigs.     This  muft 

be  drawn  clofe. 
194.        12.  A  bowline  knot.     When  this  is  drawn  clofe,  it   makes  a 

loop  that  will  not  (lip,  as  fig.  R.     This  ferves  to  hitch  over  any 

thing. 

193.        23.  A -wale  knot  is  made  with  the  three  ftrands  of  a  rope, 
fo  tnat  it  cannot  flip.     When    the    rope   i3    put    through   a 

7  hole. 
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hole,  this  knot  keeps    it   from  flipping  through,  'tis  repre-  f  i  g. 
fented  at  S,  fig.  193.     If  the  three  ftrands  are  wrought  round    iqo,* 
once  or  twice  more,  after  the  fame  manner,  it  is  called  crown- 
ing.    By  this  means  the  knot  is  made  bigger  and  ftronger.     A 
thumb  knot  art.  i,  may  be  applied  to  the  fame  ufe  as  this. 

Concerning  the  ftrength   of   ropes,  fee  the  latter  end  of 
Sea.  VIII. 
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SECT.     XII. 


77)e  powers  and  properties  of  compoujtd  engines  ; 
of  forces  atiing  within  the  machine  j  of friElion. 


PROP.     CXV. 

In  any  compounded  machine^  if  the  -power  and  weight  keep  the  ma" 
chine^  and  all  its  parts,  in  equilibrio.  Then  the  power  it  to  the 
iveight,  in  the  compound  ratio  of  the  power  to  the  weight  in  every 
fimpte  machine^  of  which  the  whole  is  compofed.  ■ 

For  let  the  compound  machine  be  divided  into  all  its  fimple 
mechanic  powers ;  and  in  the  firil  let  the  power  be  to  the  weight 
as  A  to  B.  Then  confidering  the  weight  B  in  the  firft,  as  the 
power  in  the  fecond,  to  which  it  is  equal  (by  Ax.  3.)  let  that 
power  in  the  iecond  machine  be  to  the  we"  ^ht  as  B  to  C. 
Then  ex  equo,  the  firft  power  A  is  to  the  fecond  weight  C  j  in 
the  compound  ratio  oi  A  to  B  and  B  to  C.  in  like  manner,  if 
the  weight  in  the  fecond  be  taken  for  the  power  in  the  third, 
and  this  power  be  to  the  weight  as  C  to  Z)  j  then  the  firft  power 
A  is  to  thelaft  weight  Z),  in  the  compound  ratio  of  A  10  B,  B 
to  C,  and  C  to  D  ;  and  fo  on  thro'  the  whole. 

Cor.  In  any  machine  compofed  of  wheels  \  the  power  is  to  the 
weight  ;  in  the  compound  ratio  of  the  diameter  of  the  axel  where 
the  weight  is  ipplied^  to  the  diameter  of  that  where  power  is  ap- 
plied •,  and  the  nu?nber  of  teeth  in  the  pmion  of  each  axis^  beginning 
at  the  pcwer^  to  the  number  of  teeth  in  each  wheel  they  work  in, 
till  you  come  at  the  weight. 

Or,  inftiad  of  the  teeth^  you  may  take  their  diameters. 
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PROP.     CXVI. 


If  the  power  and  weight  he  in  equilibria  on  any  machine  ;  if  they 
be  put  in  motion,  the  velocity  of  the  weight  will  be  to  that  of  the 
power  ;  as  the  power  is  to  the  weight. 

For  fince  they  are  in  equilibrio-,  one  of  them  cannot  of  it- 
ftlf  move  the  other  j  therefore  if  they  be  put  into  motion,  the 
momrntum  or  quantity  of  motion  of  the  weight,  will  be  equal 
to  that'of  the  power  :  and  therefore  their  velocities  will  be  re- 
ciprocally as  their  quantities. 

Cor.  I.  •  Hence  it  follows,  that  if  any  weight  is  moved  by  help  of 
a  machine ;  what  is  gained  in  power  is  lojt  in  time. 

For  in  whatever  proportion  the  power  is  lefs  than  the  weight  ; 
in  the  fame  proporti3^  will  the  weight  be  (lower  than  the  power. 

Cor.  2.  Hence  the  motion  of  the  weight  is  not  at  all  increafed  by 
any  engine,  or  mechanical  injlrument  -,  only  the  velocity  of  the  weight 
is  fo  jnuch  diminijhed  thereby  \  that  the  quantity  cf  motion  of  the 
weight,  may  not  exceed  the  quantity  of  motion  of  the  power.  And 
therefore  it  is  a  vain  fancy  for  any  one  to  think  that  he  can  move 
a  great  weight  with  a  little  power,  and  with  the  fame  velocity  as 
with  a  greater  power. 

For  the  advantage  gained  by  the  power  is  loft:  by  the  velo- 
city. If  any  power  is  able  to  raife  a  pound  wiih  a  given  velo- 
ciry  ;  it  is  impofllble  by  the  help  of  any  machine  whatever,  that 
the  fame  power  can  raife  two  pounds  with  the  fame  velocity. 
Yet  it  may,  by  help  of  a  machine,  be  made  to  raife  2  pounds 
with  half  that  velocity  -,  or  even  1000  pounds  with  the  thoufand 
part  of  the  velocity.  But  ftiU  there  is  no  greater  quantity  of 
motion  produced,  when  1000  pounds  weight  is  moved,  than 
when  I  pound  :  the  1000  pounds  being  proportionally  flower. 
The  power  and  ufe  of  machines  conlilts  only  in  this,  that  by 
their  means  the  velocity  of  the  weight  may  be  diminiflied  at 
pleafure,  fo  that  a  given  weight  may  be  moved  with  a  given 
power  •,  or  that  with  a  given  force  any  given  refiftance  muy  be 
overcome.  Mechanic  niflruments  being  only  the  means  where- 
by one  body  communicates  motion  to  another:  and  not  de- 
figncd  to  produce  a  motion  that  had  no  exiftence  before. 

Z  Cor. 
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Cor.  3 .  Hence  alfo  it  is  plain^  that  a  given  "power  or  quantity 
of  force,  applied  to  move  a  heavy  body  by  help  of  a  machine,  can 
froUice  no  greater  quantity  cf  motion  in  that  body,  than  if  that 
force  is:as  immediately  applied  to  the  body  itfelf.  Nor  not  quite  fo 
much,  by  reajonof  the  fritlion  and  rejijtance  of  the  engine.  And  if 
the  power  be  given,  you  may  chnfe  whether  you  will  move  a  greater 
weight  with  a  lefs  velocity,  or  a  lefs  weight  zvith  a  greater  velo- 
city. But  to  do  both,  is  utterly  repugnant  to  the  eternal  laws  of 
.  nature. 


PROP.     CXVII. 

1S2.  If  ajiy  machine  CD,  is  to  be  moved  by  the.  help  of  leavers,  wheels^ 
&c.  And  if  the  -power  that  ?ncves  it  atls  intirely  within  the 
machine,  and  exerts  its  force  againfl  fome  external  object  B.  Then 
the  force  applied  within  to  move  the  machine,  will  be  jufl  the 
fame  as  if  the  'machine  was  at  reft,  and  the  obje5i  B  was  to  be 
moved :  fuppofwg  B  to  be  as  eafily  moved  as  the  machine. 

For  fuppofe  firfl:,  the  leaver  AFB  to  be  fixt,  and  to  make  a 
pare  of  the  machine  -,  and  let  the  external  force  ading  at  B, 
which  is  capable  to  move  the  machine,  be  i.  Now  ruppofc 
the  leaver  AFB,  moveable  about  F  -,  and  a  force  applied  at  A^ 
fo  great,  as  to  ad  at  B,  with  the  force  1.  Then  the  adlion 
and  re-a(5tion  at  B  being  the  fame  as  before,  it  is  plain  the  ma- 
chine will  be  moved  as  before.     But  the  force  now  afting  at  A, 

is  X  I  i  juft  the  fame  as  if  the  point  F  "Htxt  fixt,  and  B 

.iF 

was  to  be  moved.     And   if  more  leavers,  or  any  number  of 
wheels  be  added,  the  thing  will  ftill  be  the  fame. 

Otherwife. 

Let  the  abfolute  force  to  move  the  machine  be   i,  and  the 

force  acling  at  A  be  /-,  and  let  us  firft  confider  it  as  acting  out 

of  the  machine.     Then  B  being  fixt,  is  the  fulcrum  -,  therefore 

AB 
the  force  ading  at  F,  is  _  x  /.     Now  if  the  ading  force  be 

t  B 

confidered  in  the  machine,  it  will  not  be  urged  forward  with 

all  this  force,  for  the  re  adion  will  be  ccjual  to/,  the  power  at 

A. 
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A.     Therefore  the  abfolute  force  the  machine  is  moved  with,   fig. 

is4|-X/-/or^^~/^X/.  thatis^x/,  but  this  is  =    '8^- 
pB  riS  riS 

1,  therefore/  =  — ^X  '• 

Cor.  1 .  Hence  if  the  ahfolute  external  force,  to  'move  any  body 
cr  machine,  be  given  •,  and  the  machine  is  to  be  moved  by  an  inter- 
nal  power  :  that  power  may  be  found,  by  fuppojing  the  machine  at 
reft.,  and  the  external  object  B  was  to  be  removed,  and  to  require 
the  fame  abfolute  force  to  move  it. 

For  it  is  the  fame  thing,  as  to  the  power,  whether  the  ma- 
chine, or  the  external  objed:  be  moved,  whillt  the  other  is  at  reft. 

Cor.  2.  If  the  power  ailing  within  the  machine  be  net  commu- 
nicated tofome  external  cbje^i,  it  will  have  no  force  at  all  to  move 
the  machine.     And  any  force  that  both  begins  and  ends  within  ity  , 

does  nothing  at  all  to  move  it. 

For  the  power  acting  only  againft  fome  part  of  the  machine, 
will  be  deftroyed  by  the  contrary  and  equal  re-aclion.  And  the 
body  being  afled  on  by  thefe  equal  and  contrary  forces,  will  not 
be  moved  at  all.  Thus  if  a  man,  fitting  in  the  head  of  a 
boat,  pull  the  flern  towards  him  by  a  rope  -,  the  boat  will  noc 
be  moved  at  all  out  of  its  place,  by  that  force. 


PROP.     CXVIII. 

To  determine  the  friuiion,  and  other  irregularities  in  mechanical 

engines. 

The  propofitions  hitherto  laid  down,  fuppofe  all  bodies  per- 
fectly fmooth,  that  they  Aide  over  one  another  without  any 
friflion,  and  move  freely  without  any  refiftance.  But  fince  there 
is  no  fuch  thing  as  perfed  Imoothnefs  in  bodies  •,  therefore  in 
rubbing  againft  one  another  they  meet  with  more  or  lefs  friftion, 
according  to  their  roughnefs  -,  and  in  moving  in  any  medium, 
will  be  rcfifted  according  to  the  denfity  of  the  medium.  Even 
ropes  going  over  puUies  cannot  be  bended  without  fome  force. 

Among  machines,  fome  have  a  great  deal  more  friftion  than 
others,  and  fome  very  little.  Thus  a  pendulum  has  little  or 
no  friftion,  but  what  arifes  from  the  refiftance  of  the  air.    But 

2  2  ^  ^^^' 
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a  carriage  has  a  great  deal  of  fridlon.  For  upon  plain  ground 
a  loaded  ca:c  requires  the  ftrengdi  of  feveral  horles  to  draw  it 
along  •,  and  all  or  moft  of  this  lorce  is  owing  to  its  fridion. 
Ail  "ompounded  machines  have  a  gieat  deal  or  tiidion,  and 
lb  much  the  more,  as  they  confill:  of  more  parts  that  rub  againft 
one  another.  And  there  is  great  variety  in  Icveral  forts  of  bo- 
gi(-s,  as  to  the  quantity  of  fri'tlion  they  have,  and  even  in  the 
fame  bud'es  under  different  circumftances  :  upon  which  account 
ii  will  he  impofilble  to  give  any  landing  rules,  by  which  its 
quantity  can  be  cx^tclly  determined.  All  we  can  do  is  to  lay 
down  iuch  particular  rules,  as  have  been  deduced  from  experi- 
ments made  upon  particular  bodies  ;  which  rules  will  require 
fome  variation  under  difiercnt  circumftances  ;  according  to  the 
jucgmenc  and  experience  of  the  artift. 

1.  Wood  and  all  metals  when  oiled  or  greafed  have  nearl/ 
the  lame  friction.  And  the  fmoother  they  are,  th'^  Icfs  friclion 
they  have.  Yet  metals  may  be  lb  far  p.dilhed  as  to  increafe 
friciion,  by  the  cohefion  of  their  parts. 

Wood  flidcs  eafier  upon  the  ground  in  wet  weather  than  in 
diy  ;  and  eafier  than  iron  in  dry  wearhrr.  Bur  iron  Aides  ea- 
fier ihan  wood  in  wet  weather.  Lead  makes  a  great  deal  of 
irrillan;  e.  Iron  or  fteel  running  in  briifs,  makes  the  leaft  fric- 
tion of  any.  In  wood  adting  aganll  wood,  grcde  makes  the 
motion  twice  as  eafv,  or  rathir  ~  eafier.  Wheel  naves  greafed 
or  tarr'd,  go  4.  times  eafier  than  when  wet. 

Metals  oiied  make  the  fridlion  lefs  than  when  polifhed,  and 
twice  as  little  as  when  unpolifhed. 

In  general,  the  Ibfter  or  rougher  the  bodies,  the  greater  is 
their  fridtion. 

2.  As  to  particular  cafes  :  a  cubic  piece  of  foft  wood  of  eight 
pound  weight,  moving  upon  a  fmooth  plane  of  foft  wood,  at 
the  r.ue  of  three  feet  per  lecond  -,  its  fndlion  is  about  7  the 
weight  of  it.  But  if  it  be  rough,  the  friftion  is  little  lefs  than 
half  the  wright. 

Upon  the  fame  fuppofition,  other  foft  wood  upon  fofc  wood 
verv  fmooth  •,  the  friction  is  about  4  the  weight. 

Soft  wood  upon  hard,  or  hard  upon  foft,    ■-  or  ^  the  weight. 

Hard  wood  upon  hard  wood,  l  or  i  the  weight. 

Polifhed  fteel  moving  on  iteel  or  pewter,  1  the  weight  : 
moving  on  copper  or  lead,  1  the  weight :  on  brals  1  the  weight. 
Metals  of  the  fame  lort  have  more  friction  than  differe;nc  forts. 

'Ihe  fnclion,  ceteris  paribus^  increafes  with  the  weight,  al- 
moft  in  the  fame  proportion.  The-  fViflion  is  alfo  greater  with 
a  greater  velocity,  but  not  in  proportion  to  it,  except  in  very 

few 
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few  cafes.     A  greater  furface  alfo  caiifes  fomething  more  fric-   p  j  q, 
tion,  with    the  fame   weight  and   velocity.     Yet  fridion  may 
fcmetimes  be  increafed,  by  having  too  little  furface  to  move  on  : 
as  upon  clay,  ^c.   where  the  body  finks. 

3.  The  fridion  arifing  from  the  bending  of  ropes  about  ma- 
chines, differs  according  to  ihtir  ftiffncfs,  the  temper  of  tha 
weather,  degree  of  flexibility,  l^c.  but,  ceteris  paribus^  the  force 
or  ditiiculty  of  bending  a  rope,  is  as  the  fquare  of  the  diameter 
of  the  rope,  and  its  tenfion,  diredly  •,  and  the  diameter  of  the 
cylinder,  or  pui'cy.  it  gce.s  about,  reciprocally. 

A  rope  of  i  inch  diameter,  whofe  tenfion,  or  weight  draw- 
ing it,  is  51b.  going  over  a  pulley  3  inches  diameter-,  requires 
a  force  of  lib.  to  bend  it. 

4.  The  refill ance  of  a  plane  moving  through  a  fluid,  is  as 
the  fquare  of  the  velocity  :  and  (pucting  ^'  — velocity  in  feet,  in 
a  fecond)  it  is  equal  to  the  weight  of  a  column   of  the  fluid. 


vv 


whofe  bafe  is  the  plane,  and  height And  in  a  globe  it  is 

04 

but  half  fo  much. 

5.  The  fridion  of  a  fluid  running  through  a  tube  is  as  the 
velocity  and  diameter  of  the  tube. 

But  the  fridion  is  greater  in  refped  to  the  quantity  of  the 
fluid,  in  fmall  tubes,  than  in  large  ones  •,  and  that  reciprocally 
as  their  diameters.  But  the  abfolute  quantity  of  the  fridion  in 
tubes,  is  but  very  fntall,  except  the  velocity  be  very  great,  and 
the  tube  very  long. 

But  if  a  pipe  be  divided  into  feveral  lefl^er  ones,  whofe  num- 
ber is  n  ;  the  refiftance  arifing  from  the  fridion  will  be  increafed 
as  y/n.     For  the  area  of  the  fedion  of  any  one  pipe,  will  be 

_L;  and  the  fridion,  being  as  the  circumference,  will  be  as 


— I —  ;  and  therefore  the  fridion  in  all  of  them,  will  be  ___  , 

or  as  v/»« 

6.  As  to  the  mechanic  powers.  The  fingle  leaver  makes  no 
relillance  by  fridion.  But  if  by  the  motion  of  the  leaver  in 
lirting,  the  fulcruni  or  place  of  fupport  be  changed  further 
from  the  vv'eight  •,  the  power  will  be  decreafed  thereby. 

7.  In  any  wheel  of  a  machine,  running  upon  an  axis  -,  the 
fridion  on  the  axis  is  as  the  weight  upon  it,  the  diameter  of 
the  axis,  and  the  angular  velocity.  This  fort  of  fridion  is  but 
fmall.  V 
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8.  In  the  pulley,  if /»,  q  be  two  weighis,  and  q  the  greater  •, 
and  if  //^=:  -i^,  then  W  is  the  weight  upon  the  axis  of  the 

finole  pulley.     And  it  is  not  increafed  by  the  acceleration  of 
the~wei2hc  </,  but  remains  always  the  fame. 

Thc'^tiidtion  of  the  pulley  is  very  confiderable,  when  the 
(heaves  rub  againlt  the  blocks  ;  and  by  the  wearing  of  the  holes 

and  axles 

The  tridion  on  the  axis  of  the  pulley  is  as  the  weight  IF,  its 
ancrular  velocity,  the  diameter  of  the  axisdircftly,  and  the  dia- 
meter of  the  pulley  inverfely.  A  power  of  loolb.  with  the  ad- 
dition of  50 lb.  will  but  draw  up  5001b.  with  a  tackle  of  5. 

And  151b.  over  a  fingle  pulley  will  draw  up  only  141b. 

o.  In  the  fcrew  there  is  a  great  deal  of  fridion.  Thofe  with 
fharp  threads  have  more  friftion  than  thofe  with  fquare  threads. 
And  endlefs  icrews  have  more  than  either.  Screws  with  a 
fquare  thread  raife  a  weight  with  more  eafe  than  thofe  with  a 
fliArp  thcead. 

In  the  common  fcrew,  the  fridion  is  fo  great,  that  it  will  fuf- 
tain  the  weight  in  any  pofuion  given,  when  the  power  is  taken 
off.  And  therefore  the  fridion  is  at  lead  equal  to  the  power. 
From  whence  it  will  follow,  that  in  the  icrew. 

The  power  muft  be  to  the  weight  or  refinance  ;  at  lead  as 
twice  the  perpendicular  height  of  a  thread,  to  the  circumference 
cefcribed  by  one  revolution  of  the  power  ;  if  it  be  able  to 
raife  the  weight,  or  only  fuiVain  it.  This  fridion  of  the  icrew 
is  of  great  ufe,  as  it  ferves  to  keep  the  weight  in  any  given  po- 
fuion. 

10.  In  the  wedge,  the  fridion  is  at  leaft  equal  to  the  power, 
as  it  retains  any  pofition  it  is  driven  into.  Therefore  in  the 
wedL>e, 

The  power  muft  be  to  the  weight  •,  at  Icaft  as  the  bafe  to 
the  height ;  to  overcome  any  refiftance. 

11.  To  find  the  fridion  of  any  engine,  begin  at  the  power, 
and  confider  the  velocity  and  the  weight  at  the  firft  rubbing 
part  •,  and  eftimate  its  quantity  of  fridion,  by  fome  of  the  fore- 
going articles.  Then  proceed  to  the  next  rubbing  part,  and 
do  the  fame  for  it.     And  fo  on  through  the  whole. 

And  nore,  fomething  more  is  to  be  allowed  lor  increafe  of 
fridion,  by  every  new  addition  to  the  power. 

Cor.  Hence  will  appear  the  difficulty,  cr  rather  impoffibility  of  a 
perpetual  motion  j  crfiich  a  motion  as  is  to  continue  the  fame  for 

every 
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ever^  or  at  le:<ji  as  long  as  the  materials  will  lajl,  that  compofe  the  p  j  q 
moving  machine. 

For  fuch  a  motion  as  this  ought  continually  to  return   undi-  / 

minidied,  noiwithftanding  any  refillance  it  meets  with,  which  ^ 

is  impoflible.  For  although  any  body  once  put  into  motion, 
and  moving  freely  without  any  refiftance,  or  any  external  re- 
tarding force  adling  upon  it,  would  for  ever  retain  that  motion. 
Yet  in  fa6l  we  are  certain,  that  no  body  or  machine  can  move 
at  all,  without  fome  degree  of  fridion  and  refiftance.  And 
therefore  it  muft  follow,  that  from  the  refiftance  of  the  medium, 
and  the  friftion  of  the  parts  of  the  machine  upon  one  another, 
its  motion  will  gradually  decay,  till  at  laft  all  the  motion  is  de- 
ftroyed,  and  the  machine  is  at  reft.  Nor  can  this  be  otherwife, 
except  fome  new  adlive  force,  equal  to  all  its  refiftance,  adds  a 
new  motion  to  it.  But  that  cannot  be  from  the  body  or  ma- 
chine iifeif ;  for  then  the  body  would  move  itfelf,  or  be  the 
caufe  of  its  own  motion,  which  is  abfurd. 


PROP.     CXIX. 

I'd  contrive  a  proper  machine  that  jjjall  move  a  given  weight  with 
a  given  power  \  or  with  a  given  quantity  offeree.,  JJjall  overcome 
any  other  given  rejijlance. 

If  the  given  power  is  not  able  to  overcome  the  given  refift- 
ance, when  directly  applied,  that  is,  when  the  power  applied  is 
lels  than  ihe  weight  or  refiftance  given  •,  then  the  thing  is  to  be 
performed  by  the  help  of  a  machine  made  with  leavers^  wheels^ 
pullieSj  fcrews^  &c.  So  adjufted,  that  when  the  weight  and 
power  are  put  in  motion  on  the  machine-,  the  velocity  of  the 
power  may  be  at  leaft  fo  much  greater  than  that  of  the  weight  ; 
as  the  weight  and  friction  of  the  machine  taken  together,  is 
greater  than  the  power.  For  on  this  principle  depends  the  xne- 
chanifm  or  contrivance  of  mechanical  engines,  ufed  to  draw  or 
raile  heavy  bodies,  or  overcome  any  other  force.  The  whole  de- 
fign  of  thefe  being  to  give  fuch  a  velocity  to  the  power  in  refpedl 
of  the  weight ;  as  that  the  momentum  of  the  power  may  exceed 
the  momentum  of  the  weight.  For  if  machines  are  fo  con-. 
trived,  tliat  the  velocities  of  the  agent  and  refiftant  are  recipro- 
cally as  their  forces,  the  agent  will  juft  fuftain  the  refiftant :  but 
with  a  greater  degree  of  velocity  will  overcome  it.     So  that  it 

the 
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the  excefs  of  velocity  in  the  power  is  fo  great,  as  to  overcome 
all  that  refinance  which  commonly  arifes  from  thefridion  or  at- 
trition of  contiguous  bodies,  as  they  Hide  by  one  another,  or 
from  the  cohefion  of  bodies  that  are  to  be  feparated,  or  from 
the  weights  of  bodies  to  be  railed.  The  excels  of  the  force  re- 
mainincr,  after  all  thcfc  refinances  are  overcome,  will  produce 
an  acceleration  of  motion  proportional  thereto,  as  well  in  the 
par  s  of  the  machine,  as  in  the  refilling  body.  Now  how  a  ma- 
chine may  be  contrived  to  perform  this  to  tlie  belt  advantage, 
will  appear  from  the  followmg  rules. 

1.  Mavincrafllgned  the  proportionof  your  power  and  the  weight 
to  be  raiffd:  the  next  thing  is  toconfider  how  to  combineleavers, 
wheels,  pulleys,  ^s'c.  fo  that  working  together  they  may  be  able  to 
rrive  a  velocity  to  the  power,  which  fliall  be  to  that  of  the  weight, 
fomething  greater  than  in  the  proportion  of  the  weight  to  the 
power.  This  done,  you  muft  ellimate  your  quantity  of  friftion, 
by  the  lafl:  Prop,  and  if  the  velocity  of  the  power  be  to  that  of 
the  weighr,  ftill  in  a  greater  proportion,  than  the  weight  and 
friftion  taken  together,  is  to  the  power  •,  then  your  machine  will 
be  able  to  raife  the  weight.  And  note,  this  proportion  mult 
be  To  much  greater,  as  you  would  have  your  engine  work 
taller. 

2.  But  the  proportion  of  the  velocity  of  the  power  and  weight, 
muft  not  be  made  too  great  neirhtr.  For  it  is  a  fault  to  give 
a  machine  too  much  power,  as  well  as  too  little.  For  il  the 
power  can  raife  the  weighr,  and  overconie  the  refiftance,  and 
the  engine  perform  its  proper  effe6l  in  a  convenient  time,  and 
works  well,  it  is  fufficient  for  the  end  propoled.  And  it  is  in 
vain  to  make  more  additions  to  the  engine,  to  increafe  the 
power  any  further:  for  that  would  not  only  be  a  needlefs  ex- 
pcnce,  but  the  engine  would  lofe  time  in  working. 

3.  As  to  the  power  applied  to  work  the  engine,   it   may  be 
>       either  a  living  power,  as  men,  horle?,  ^c.  or  an  artificial  power, 
as   a   Ipring,  &c.   or    a  natural  power,    as  wind,  water,  fire, 
weights,  &'c. 

When  the  quantity  of  the  power  is  known  •,  it  matters  not 
as  to  the  efFe6t,  what  kind  of  power  it  is.  For  the  fame  quan- 
tity of  any  fort  will  produce  the  fame  effect.  And  different 
forts  of  powers,  may  be  applied  in  an  equal  quantity,  a  great 
variety  of  ways. 
*'rhe  moft  eafy  power  applied  to  a  machine  is  weight,  if  it  be 
capable  of  effedting  the  thing  defigned.  If  nor,  then  wind,  wa- 
ter, (s^c.  if  that  can  conveniently  be  had,  and  without  much 
cxpence. 

A  fpring 
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A  fpring  is  alfo  a  convenient  moving  power  for  feveral  ma-  f  i  c. 
chines;  but  it  never  a<5ts  equally  as  a  weight  does  ;  but  isftronger 
when  much  bent,  than  when  but  a  little  bent,  and  that  in  pro- 
portion to  the  degree  of  bending,  or  the  diftance  it  is  forced  to. 
But  fprings  grow  weaker  by  often  bending,  or  remaining  lono- 
bent ;  yet  they  recover  part  of  their  ftrength  by  lying  unbent. 

The  natural  powers,  wind  and  water,  may  be  applied  with 
vaft  advantage  to  the  working  of  great  engines,  when  manaticd 
with  fkill  and  judgment.  The  due  application  of  thefe  has  much 
abridged  the  labours  of  men  ;  for  there  is  Icarce  any  labour 
to  be  performed,  but  an  ingenious  artificer  can  tell  how  to  ap- 
ply thele  powers  to  execute  his  defign,  and  anfwer  his  purpofe. 
For  any  conftant  motion  being  given,  it  may  by  a  due  appli- 
cation be  made  to  produce  any  other  motions  we  defire.  There- 
fore thefe  powers  are  the  moft  eafy  and  ufeful,  and  of  the 
greateft  benefit  to  mankind.  Befides,  they  cod  nothing,  nor 
require  any  repetition  or  renewing,  like  a  weight  or  a  Jpring, 
which  require  to  be  wound  up.  When  thefe  cannot  be  had,  or 
cannot  lerve  our  end,  we  have  recourfc  to  fome  living  power, 
as  men,  horfes,  i£c, 

4.  Men  may  apply  their  ftrength  feveral  ways,  in  working  a 
machine.  A  man  of  ordinary  ftrength  turning  a  roller  by  the 
handle,  can  ad  for  a  whole  day  againft  a  rcfiftance  equal  to  3clb. 
weight;  and  if  he  works  10  hours  in  a  day,  he  will  raife  a 
weight  of  30' lb.  3'  feet  in  a  fecond -,  or  if  the  weight  be 
greater,  he  will  raife  it  fo  much  lefs  in  proportion.  But  a 
man  may  aft,  for  a  fmali  time,  againft  a  refiftance  of  501b.  or 
more. 

If  two  men  work  at  a  windlefs,  or  roller,  they  can  more  eafily 
draw  up  yolb.  than  one  man  can  301b.  provided  the  elbow  of 
one  of  the  handles  be  at  right  angles  to  that  of  the  other.  And 
with  a  fly,  or  heavy  wheel  applied  to  it  a  man  may  do  4-  part 
more  work  ;  and  for  a  little  while  adt  with  a  force,  or  over- 
come a  continual  refiftance  of  8olb.  and  work  a  whole  day  when 
the  rcfiftance  is  but  4olb. 

Men  ufed  to  carrying,  fuch  as  porters,  will  carry,  fome  1501b. 
others  200  or  2501b.  according  to  their  ftrength. 

A  man  can  draw  about  70  or  8olb.  horizontally  -,  for  he  can 
but  apply  about  half  his  weight. 

If  the  weight  of  a  man  be  i4olb.  he  can  aft  with  no  greater 
a  force  in  thrufting  horizontally,  at  the  height  of  his  flioulders, 
than  27  lb. 

As  to  horfes.  A  horfc  is,  generally  fpeaking,  as  ftrong  as  5 
men.     A  horfe  will  carry  240  or  2701b. 

A  a  A  horfc 
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jT  J  G.  A  horle  draws  to  greatefl  advantage,  wlien  the  line  of  direc- 
tion is  a  little  elevated  above  the  horizon,  and  the  power  a6ls 
acainft  his  breali.  And  can  draw  200  lb.  for  eight  hours  in  a 
day  at  2\  miles  an  hour.  If  he  draw  2401b.  he  can  work  but 
fix  hours,  and  not  go  quite  fo  taft.  And  in  both  cafes,  if  he 
carries  fome  weight,  he  will  draw  better  than  if  he  carried 
none.  And  this  is  the  weight  a  horfe  is  fuppoled  to  be  able  to 
draw  over  a  pullty  out  of  a  well.  In  a  cart,  a  horfe  may  draw 
J 000  lb. 

I'he  moft  force  a  horfe  can  exert  is,  when  he  draws  forne- 
thing  above  a  horizontal  pofition. 

The  worft  vvay  of  applying  the  ftrength  of  a  horfe,  is  to  make 
him  carry  or  draw  up  hill.  And  three  mtn  in  a  fteep  hill,  carry- 
ing each  100  lb.  will  climb  up  fader  than  a  horle  with  300  lb. 

Though  a  horfe  may  draw  in  a  round  walk  of  18  feet  diame- 
ter; yet  fuch  a  walk  fiiould  not  be  lefs  than  25  or  30  feet  dia- 
meter, 

5.  Every  machine  ought  to  be  made  of  as  few  parts,  and 
thufe  as  fimple  as  poHlble,  to  anfwer  its  purpoie-,  not  only  be- 
caufe  the  expence  of  making  and  repairing  will  be  lefs,  but  it 
will  alio  be  lefs  liable  to  any  difordcr.  And  it  is  needlefs  to  do 
a  thing  with  many,  which  may  be  done  with  fewer  parts. 

6.  If  a  weight  is  to  be  railed  but  a  very  little  way,  the  leaver 
is  the  moft  fimple,  ealy,  and  ready  machine.  Or  if  the  weight 
be  very  great,  the  common  fcrew  is  moft  proper.  But  if  tlie 
weight  is  to  be  railed  a  great  way,  the  wheel  and  axle  is  a  proper 
power,  and  blocks  and  pullies  are  eafier  ftill;  and  the  lame 
may  be  done  by  help  of  the  perpetual  fcrew. 

Great  wheels  to  be  wrought  by  men  or  cattle,  are  of  moft  ufe 
and  convenience,  when  their  axles  are  perpendicular  to  the  hori- 
zon ;  but  if  by  water,  i^c.  then  it  is  bcft  to  have  their  axles  ho- 
rizontal. 

7.  As  to  the  combination  of  fimple  machines  together,  to 
make  a  compound  one.  Though  the  leaver  when  fimple,  can- 
not raife  a  weight  to  any  great  height ;  and  in  this  cafe  is  of  little 
irrvice  ;  yet  it  is  of  great  ufi  when  compounded  with  others. 
Thus  the  fpokes  of  a  great  wheel  are  all  leavers  perpetually  ail- 
ing •,  and  a  beam  fixed  to  the  axis  to  drav/  the  wheel  about  by 
men  or  horfes,  is  a  leaver.  The  leaver  alfo  may  be  combined 
with  the  fcrew,  but  not  conveniently  wi-h  puliies  or  with  the 
wedge.  The  wheel  and  axle  is  combined  with  great  advantage 
with  pullies.  The  fcrew  is  not  well  combined  with  pullies  ; 
but  the  perpetual  fcrew  combined  with  the  wheel,  is  very  fer- 
viceable.  The  wedge  cannot  be  combined  with  any  other  me- 
chanical 
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chanical  power  ;  and  it  only  pcrforrps  its  effect  by  percuflion  j  fig, 
buc  this  force  of  percuflion  may  be  increafed  by  engines. 

Pullits  may  be  combined  with  pullies,  and  wheels  with 
wheels.  Therefore  if  any  fingle  wheel  would  be  too  large,  and 
take  up  too  much  room,  it  rhay  be  divided  into  two  or  three 
more  wheels  and  trundles,  or  wheels  and  pinions,  as  in  clock- 
work i  lb  as  to  have  the  fame  power,  and  perform  the  lame 
effect.    . 

In  wheels  with  teeth,  the  number  of  teeth  that  play  toge- 
ther in  two  wheels,  ought  to  be  prime  to  each  other,  that  the 
fame  teeth  may  not  meet  at  every  revolution.  For  when  differ- 
ent teeth  meet,  they  by  degrees  wear  themfelves  into  a  proper 
figure.  Therefore  ihey  fhould  be  contrived,  that  the  fame  teeth 
meet  as  fcldom  as  poffible. 

8.  The  ftrength  of  every  part  of  the  machine  ought  to  be 
made  proportional  to  the  llreis  it  is  to  bear.  And  therefore  let 
every  leaver  be  made  fo  much  ftronger,  as  its  length  and  the 
weight  it  is  to  fiipport  is  greater.  And  let  its  flrength  dimi- 
nilh  propordonally  from  the  fulcrum,  or  point  where  thegreated 
ftrefs  is,  to  each  end.  The  axles  of  wheels  and  pullies  mud  be 
fo  much  ftroncrer,  as  they  are  to  bear  greater  wei^hr.  The  teeth" 
of  wheels,  and  the  wheels  themfelves,  which  aCt  with  greater 
force,  muft  be  proportionally  ftronger.  And  in  any  combina- 
tion of  wheels  and  axles,  rmkc  their  ftrength  diminilh  gradually 
from  the  weight  to  the  power,  fo  that  the  (Irength  of  every 
part  be  reciprocally  as  the  velocity  it  has.  The  flrength  of  ropes 
muft  be  according  to  their  tenfion,  and  that  is  as  the  fquaresof 
their  diameters,  (fee  the  end  of  Sect.  Vill.)  And  in  general 
whatever  parts  a  machine  is  compofed  of,  the  ftrength  of  every 
particular  part  of  it  muft  be  adjufted  to  the  ftiefs  upon  it,  ac- 
cording to  Seft.  VIII.  Therefore  in  fquare  beams  the  cubes 
of  the  diameters  muft  be  made  proportional  to  the  ftrefs  they 
bear.  And  let  no  part  be  ftronger  or  bigger  than  is  neceffary  for 
the  ftrefs  upon  it  :  not  only  for  the  eale  and  well-going  of  the 
machine,  but  for  the  diminilhing  the  friction.  For  all  fuperflu- 
ous  maiter  in  any  part  of  it,  is  nothing  but  a  dead  weight  upon 
the  machine,  and  ferves  for  nothing,  but  to  clog  its  motion. 
And  he  is  by  no  means  a  perfeft  mechanic,  that  does  not  only 
adjuft  the  ftrength  to  the  ftrefs,  butalfo  contrive  all  the  parts  to 
laft  equally  well,  that  the  whole  machine  may  fail  together. 

9.  To  avoid  fridion  as  much  as  poffible,  the  machine  ought 
not  to  have  any  unneccffary  motions,  or  ufelefs  parts  ;  for  a 
multiplicity  of  parts,  by  their  weight  and  motion,  increafe  tlie 
friction.     The  diameters  of  the  wheels  and  pullies  ought  to  be 

A  a  2  UrgC: 


ISO 
F  I  G 


INVENTION    OF    MACHINES. 

ljro;e,  and  the  diameters  of  the  arbors  or  fpindles  they  run  on, 
as  Wr.all  as  can  be  coiififtenc  v/uh' their  Itrength.  All  ropes 
and  cords  muft  be  as  pliable  as  pofTible,  and  for  that  end  are 
rubbed  with  tar  or  greafc  •,  the  teeth  of  wheels  mufl  be  made  to 
fit  and  fill  up  the  opens  ;  and  cut  in  the  form  of  epicycloids. 
All  the  axles,  where  the  motion  is,  and  all  teeth  where  they 
work,  and  all  parts  that  in  working  rub  upon  one  another, 
mull:  be  made  Imooth  :  and  when  the  machine  goes,  muft  be 
oiled  or  oreafed.  If  a  joint  is  to  go  pretty  lllfFand  fteady,  vcb 
a  little  greale  upon  it. 
iS->.  The  axis  ^  of  a  wheel,  may  have  its  friflion  d'minifhed,' by 
caufmg  it  to  run  on  two  rollers,  B,  C,  turning  rcund  with  it^ 
upon  two  centers, 
c .  Likewifc  inftcad  of  the  teeth  of  wheels,  one  may  place  little 
wheels  as  ^f,  Z?,  running  upon  an  axis  in  its  center.  And  this 
will  take  away  almoft  all  the  friction  of  the  teeth.  And  in  lan- 
terns or  trundles,  the  rounds  may  be  made  to  turn  about,  in- 
l\tad  of  being  fixed. 

In  all  machines  with  wheels,  the  axes  or  fpindles  ought  not 
to  fhake,  which  they  will  do,  if  they  be  too  iTiort.  And  their 
ends  ought  juft  to  fill  their  holes. 

When  the  teeth  of  a  wheel  are  much  worn  away,  it  makes 
that  wheel  move  irregularly  about,  increafes  the  fr:c>!on,  and 
requires  mere  force  •,  and  may  caufe  the  ttreth  of  two  wheels  to 
run  fou!  upon  one  another,  and  to  (lop  their  motion,  and  endan- 
ger brcakinc/  the  teeth;  To  prevent  this,  proper  care  fhould  be 
taken  to  diets  the  teeth,   and  keep  them  to  their  proper  figure. 

10  When  any  motion  is  to  be  long  continued  ;  contrive 
the  power  to  move  or  aft  alv.'ays  one  way,  if  it  can  be  done. 
For  this  is  better  and  eafier  performed  than  when  the  motion  is 
interrupted,  and  the  power  is  forced  to  move  firfl  one  way,  and 
then  another.  Becaufe  every  new  change  of  motion  requires  a 
new  addiiional  force  to  effed  it.  Btfides,  a  body  in  motion 
cannot  fuddenly  rtce've  a  contrary  motion,  without  great  vio- 
lence. And  the  moving  any  part  of  the  machine  contrary  ways 
by  turns,  with  Hidden  jerks,  tends  only  to  (hake  the  machine  to 
pieces. 

II.  In  a  machine  that  moves  always  one  way,  endeavour 
to  have  the  motion  uniform.  Some  methods  of  doing  this  may 
be  feen  in  Prop.  CXIII.  and  if  one  uniform  m.otion  be  required 
to  produce  a  motion  either  uniform  or  acceir-rated,  fome  light 
may  be  had  from  Prop.  CXI.  Likewife  how  to  communicate 
motion,  confult  Prop.  CX.  And  to  change  the  direction,  fee 
Prop.  CXIl. 

12.   But 
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12.  But  when  the  narure  of  the  thing  requires  that  a  motion   p  j  c. 
is  to  be  fuddenly  communicated  to  a  body,  or  fuddenly  ftopt  : 

to  prevent  any  damage  or  violence  to  the  engine,  by  a  ludden 
jolt ;  let  the  force  ad  againft  fon^.e  fpring,  or  beam  of  wood, 
which  may  iuppiy  the  place  of  a  fpring. 

13.  In  regard  to  the  fize  of  the  machine-,  let  it  be  made  as 
large  as  it  can  conveniently.  The  greater  the  machine,  the 
exader  it  will  woik,  and  perform  all  its  motions  the  better. 
For  there  will  always  be  feme  errors  in  the  making,  as  well  as 
in  the  materials  •,  and  coniequeruiy  in  the  working  of  the  ma- 
chine. The  rcfiftance  of  the  medium  in  Ibme  machines  has  a 
fenfible  effed.  But  all  thefs  mechanical  errors  bear  a  lefs  pro- 
portion to  the  motion  of  the  machine,  in  great  machines  than 
in  little  ones,  being  nearly  reciprocally  as  their  diameters  ;  fup- 
pofing  they  are  made  of  the  fame  matter,  and  with  the  fame 
accuracy,  and  are  equally  well  finifhed.  Therefore  in  a  fm.all 
machine  they  are  more  fenfible  •,  but  in  a  great  one  almoll 
vanifh.  Therefore  great  machines  will  aniwer  better  than 
fmallcr,  in  all  refpcds,  except  in  ftrengih  ;  for  the  greater  the 
machine  the  weaker  it  is,  and  lefs  able  to  refill;  any  violence. 

14.  For  engines  that  go  by  water,  it  is  necelTary  to  meafure 
the  velocity  and  force  of  the  water.  To  get  the  velocity,  drop 
in  pieces  of  fticks,  y^.  and  obferve  how  far  they  are  carried  in 
a  fccond,  or  any  given  time. 

But  if  it  flow  through  a  hole  in  a  refervoir  or  ft.indina  re- 
cepcacle  of  water.  Tne  velocity  will  be  found  from  the  depth 
of  the  hole  below  the  furface;  by  Cor.  2.  Prop.  XCVII.  And 
its  force  by  Cor.  i.   Prop,  CVII. 

Thus  let  JZZ16 -V/t'f/,  x'zzvelocity  of  the  fluid  per  fecond. 
E  —  the  area  of  the  hole.  H  zz  height  of  the  water ;  all  in 
teet.     Then  the  velociry  v-zi\/ isH\  and  its  force  — the  weight 

of  the  quantity—^ — B  or  UB  of  water,  or  =:  .—-HB  hundred 
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weight  ;  becaufe  a  cubic  foot  is  z=  62  1  lb.  averd.  Alfo 
a  hoglhead  is  about  8  'feet,  or  531  lb.  and  a  ton  is  4  hogf- 
lu-adj;. 

When  you  have  but  a  fmall  quantity  of  water,  you  mud 
contrive  it  to  fall  as  high  as  you  can,  to  have  the  greater  velo- 
city, and  conftquently  more  force  upon  the  engine. 

15.  If  water  is  to  be  conveyed  through  pipes  to  a  great  dii- 
tance,  and  the  defcent  be  but  fmall;  fo  much  larger  pipes  muft 
be  uled,  becaufe  the  water  v;ill  come  flow.  And  thefe  pipes 
ought  not  to  be  made  llraiter  in  fome  places  than  others ;  for 

the 
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the  quantity  of  water  conveyed  through  them,  depends  upon 
the  bigncls  of  the  bore  at  the  llraiteft  place. 

Pipes  ot  condud  coming  direAly  from  an  engine,  ftiould  be 
made  of  iron,  with  flanches  at  the  ends  to  fcrew  them  together, 
with  lead  between,  or  elle  of  wood  ;  for  lead  pipes  will  bulge 
out  at  every  llroke  of  the  engine  and  burft.  But  pipes  next  a 
jet  mult  be  lead.  Pipes  fhould  not  turn  off  at  an  angle,  but 
gradually  in  a  curve  :  pipes  of  elm  will  laft  20  or  30  years  in 
The  ground.  But  they  muft  be  laid  fo  deep,  that  the  froft  may 
not  reach  them,  or  elie  the  wa .^r  muft  be  let  out ;  otherwile 
the  frolt  will  Iplit  them. 

The  thickncis  of  any  pipe  muft  be  as  the  diameter  of  the 
bore,  and  alfo  as  the  depth  from  the  fpring.  For  a  lead  pipe 
of  6  inches  bore,  and  60  or  70  feet  high,  the  thicknefs  muft  be 
half  an  inch.     And  in  wooden  pipes  2  inches. 

Water  fliould  not  be  driven  through  pipes  fafter  then  4  feet 
per  lecond,  by  reafon  of  the  friftion  of  the  tubes.  Nor  fhould 
It  be  much  wire-drawn,  that  is,  iqueezed  through  fmailer  pipes  ; 
for  that  creates  a  refiftance,  as  the  water-way  is  Icfs  in  narrow 
pipes. 

And  in  pump  work,  where  water  is  conveyed  through  pipes 
to  higher  places,  the  bores  of  the  pipes  fhould  not  be  made 
too  ftrait  upwards ;  for  the  ftraiter  they  are  near  the  top,  the 
Id's  water  '» ill  be  difcharged.  Nor  fliould  the  pipe  that  brings 
the  water  into  the  pump  be  too  ftrait,  for  the  fame  reafon. 
The  wider  thefe  are,  the  eafier  the  pump  works. 

When  pipes  are  wind-bound,  that  is,  when  air  is  lodged  in 
them  that  the  water  can  hardly  pafs,  it  muft  be  difcharged 
thus.  Going  from  the  fpring  till  you  cocr.t  to  the  firft  rifing 
of  the  ground,  dig  it  open  till  the  pipe  be  laid  bare  ;  then 
with  a  nail  driven  into  it,  at  the  higheft  part,  or  rather  a  little 
beyond,  make  a  hole  in  the  top;  and  all  the  air  will  blow 
out  at  the  hole,  and  when  the  water  comes,  batter  up  the 
hole  again.  Do  the  fame  at  every  eminence,  and  all  the  air 
will  be  difcharged.  If  the  water  runs  hii  through  the  pipes, 
the  air  will  be  beyond  the  eminence  •,  but  ftopping  the  vvater, 
the  air  will  afcend  to  the  higheft  part.  If  air  be  driven  in  at 
firft  along  with  the  water,  the  nail  hole  muft  be  left  open,  or 
a  cock  placed  there  to  open  occafionally.  Sometimes  a  fmall 
leaden  pipe  is  placed  over  the  other,  communicating  with  it  in 
fcveral  places,  in  which  is  a  cock  at  top  to  open  upon  oc- 
cafion. 
192.  16.  When  any  work  is  to  be  performed  by  a  water  wheel 
moved  by  the  water  running  under  it,  and  ftriking  the  paddles 

or 
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or  laddie  boards.  The  channel  it  moves  in  ought  to  be  ibme-  ^  j  g. 
thing  wider  than  the  hole  of  the  adjutage,  and  lo  clofe  to  the  jo-,^ 
floats  on  every  fide,  as  to  let  little  or  no  water  pafs  •,  and  whrn 
paft  the  wheel,  to  open  a  little  that  the  water  may  fpread.  It 
is  of  no  advantage  to  have  a  great  number  of  floais  or  paddles, 
for  thefe  pad  the  perpendicular  are  refiiled  by  the  back  water, 
and  thofe  before  it  --ire  ftruck  obliquely.  The  greated  eff-ft 
that  luch  a  wheel  can  perform,  in  communicating  any  motion, 
is  when  the  paddles  of  the  wheel  move  with  i  the  velocity  of 
the  water  ;  in  which  cafe,  the  force  upon  the  paddles  is  ±  only  j 
fuppoOng  the  abfolute  force  of  the  water  againlt  the  paddles, 
when  the  wheel  ftands  ftiU,  to  be  i.  So  that  the  utmoft  mo- 
tion which  the  wheel  can  generate,  is  but  -Xr  of  that  which  the 
'force  of  the  water  againll  the  paddles  at  reft,  would  produce. 
This  is  when  the  wheel  is  at  the  bed  j  but  oftentimes  far  lefs 
is  done. 

Machines  to  raife  water,  though  well  made,  feldom  lofe-  lefs 
than  j  the  computed  quantity  of  water  to  be  raifed.  The  bell 
contrived  engine  is  fcarcc  4  part  better  than  the  worft  contrived 
engine,  when  they  are  equally  well  executed. 

A  man  with  the  beft  water  engine  cannot  raife  above  one 
hoafhead  of  water  in  a  minute,   10  feet  high,  to  work  all  day. 

17.  When  a  weight  is  to  be  raifed  with  a  given  corporeal  ^q. 
power,  by  means  of  the  wheel  and  axle  ;  fo  that  the  weight 
may  receive  the  greateft  motion  poffible  in  a  given  time.  The 
radius  of  the  wheel  and  axle,  and  the  weight  to  be  raifed,  ought 
to  be  fo  adjufted,  that  the  radius  of  the  axle  {EF)  :  may  be 
to  the  radius  of  the  wheel  {JB)  ::  as  ^- the  power  (P)  :  to 
the  weight  to  be  raifed  (fV)  :  or,  which  comes  to  the  fame 
thing,  the  velocity  gained  by  the  power  in  defcending  mull 
be  ~  the  velocity  which  would  be  gained  by  gravity  in  the 
fame  time. 

This  only  holds  good,  when  the  power  is  a  heavy  body,  as 
well  as  the  weight  :  but  docs  not  take  place,  when  the  power 
is  fome  immaterial  adive  force,  fuch  as  that  of  an  elaftic  me- 
dium, the  ftrcngth  of  a  fpring,  ^c.  whole  weight  is  inconfi- 
derable. 

18.  Tbefe  principles  alfo  are  very  ufefiil,  and  mcejfury  to  he 
k/wwn,  where  water  zvorks  are  concerned. 

The  prelTureof  the  atmofphere  upon  a  fquare  inch,  is  14.71b. 
averd.  at  a  medium. 

The  wfight  of  a  column  of  water,  equal  to  the  weight  of 

the  atmol'phere,  is  1 1  4  yards, 

A  cubic 
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A  cubic  foot  of  water  weighs  62  lib.  averd.  and  contains 
6.128  ak  gallons. 

An  ale  gallon  of  water  contains  282  inches,  and  weighs 
10.2  lb.  averd. 

A  tun  of  water  ale  meafure,  weighs  i.i  tun  averd,  at  63  gal- 
lons the  hoglhead. 

A  cylinder  of  water  a  yard  high,  and  d  inches  diameter, 
contains  -A-  ^^  ale  gallons  j  and  weighs  i  -^  dd pounds  averd. 
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SECT.     XIII. 

l^he  defcription  of  compound  machmes  or  engines^ 
a?id  the  method  of  computi?2g  their  powers  or 
forces  :  with  fome  account  of  the  adva?ttages 
a?td  dif advantages  of  their  conflruBio?i, 

PROP.     CXX. 

To  defcrihe  fever al  forts  of  engines^  and  to  commute  their  forces  or 

effeUs. 

There  are  two  things  required  to  make  a  good  mechanic  or 
engineer.  The  firft  is  a  good  invention  for  contriving  all  the 
parts  of  a  machine,  to  perform  its  motions  and  effefts  in  the 
mod  fimple  and  eafy  manner.  The  next  is,  to  be  able  to  com- 
pute the  power  or  force  of  it ;  to  know  whether  it  can  really 
perform  the  effect  expe6led  from  it  or  not.  The  foundation  of 
both  thefe  has  been  already  laid  down  in  this  book.  What 
feems  to  be  neceflary  farther,  is  to  give  fome  examples  in  prac- 
tice, by  fhewing  the  conftrudion  of  fcveral  mechanic  engines, 
and  computing  their  powers.  As  there  is  great  fkill  and  faga- 
city  in  contriving  fit  and  proper  ways  to  perform  any  motion, 
fo  this  is  principally  to  be  attained  by  praflice,  and  a  thorough 
acquaintance  with  machines  of  feveral  kinds.  1  fhall  there- 
fore give  the  mechanical  conftruftion  of  feveral  forts  of  ma- 
chines, made  for  feveral  diiTerent  purpofes,  which  will  afTift 
the  reader's  invention,  and  give  him  fome  idea  how  he  may 
proceed  in  contriving  a  machine  for  any  end  propofed.  Of 
which  I  Ihall  only  give  a  (hort  explanation  of  the  principal 
parts,  not  troubling  the  reader  with  any  defcription  of  their 
minuter  parts,  nor  how  they  are  joined  together,  or  ftrength- 
ened,  i'jc.  It  is  fufficient  here  to  (hew  the  difpofuion  and  na- 
ture of  the  principal  members  :  the  reft  belongs  to  carpenters, 
joiners,  fmiths,  i£c.  and  is  eafily  underltood  by  any  one. 

B  b  "^0 
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'To  compute  their  powers. 

1.  As  to  fimple  machines,  they  are  eafily  accounted  for,  and 
their  forces  computed,  by  the  properties  of  the  mechanic  powers. 

2.  for  compound  machines  -,  fuppofe  any  machine  divided 
into  all  the  fimple  ones  that  compofe  it.  Then  begin  at  the 
power  and  call  it  i  •,  and  by  the  properties  of  the  mechanic 
powers,  find  the  force  with  which  the  firft  fimple  machine  aftsi 
upon  the  fecond,  in  numbers.  Then  call  this  force  i,  and  find 
the  force  it  a<5i:s  upon  the  third,  in  numbers.  And  putting 
this  force  i,  find  the  force  afting  on  the  fourth,  in  numbers  ; 
and  fo  on  to  the  laft.  Then  multiply  all  thefe  numbers  toge- 
ther, the  produfl  will  give  the  force  of  the  machine,  fuppofing 
the  firfl:  power  i. 

q.  When  pullies  are  concerned  in  the  machine,  all  the  parts 
of  the  fame  running  rope,  that  go  and  return  about  feveral 
pullies,  freely  and  without  interruption,  mufl:  be  all  numbered 
alike  for  the  force.  And  if  any  rope  aft  againft  feveral  others, 
it  muft  be  numbered  with  the  fum  of  all  thefe  it  afts  againft. 

4.  In  a  combination  of  wheels  ;  take  the  produfl  of  the 
number  of  teeth  in  all  the  wheels  that  adl  upon  and  drive  others^ 
for  the  power  ;  and  the  product  of  the  teeth  in  all  the  wheels 
moved  by  them,  for  the  weight.  Or  inftead  of  the  teeth  take 
the  diameters. 

Or  thus. 

When  a  machine  is  in  motion,,  if  you  meafure  the  velocity 
of  the  weight,  and  that  of  the  power,  in  numbers  ;  then  the 
firft  number  to  the  fecond,  gives  the  proportion  of  the  power 
to  the  weight. 

Otherwife  thus. 

In  wheel  work,  there  are  always  two  wheels  fixt  upon  one 
axis,  or  elie  one  wh<  el,  and  a  pinion,  trundle,  or  barrel,  which 
fupplies  the  place  of  awheel.  Of  thee  two,  call  rhat  wheel 
the  lea.er^  whirh  is  aded  on  by  the  power,  or  by  fome  otheir 
wheel  \  and  the  other,  on  the  fame  axis,  call  '^W  jollower^  which 
drives  fjme  <  her  forward.  Then  1  aving  either  the  nunber  of 
T  i.h,  or  the  diameter,  of  each,  tr.ke  the  product  of  ail  the 
leaders,  f  r  the  weight  \  and  the  prcduB  of  all  the  follo'mers^  for 
the  .  .  He  the  leader  receives  the  motion,  and  the  fol- 

lower  ^  ves  It. 

/;.  And 
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5.  And  if  the  velocity  of  the  power  or  weight  be  required,   fig. 
^ake  the  produ^  of  all  the  leaders,  for  the  'velocity  of  the  pciver  ; 
and  the  prodvM  of  all  the  followers^  for  the  velocity  cf  the  weight. 

Other  things  that  are  more  complex  and  difficult,  mult  be 
referred  to  the  general  laws  of  motion. 

Example     I. 

Sciffars,  pinchers^  &c.  may  be  referred  to  the  leaver  of  the 
iirft  Kind.  A  handfpike  and  crow  are  leavers  of  the  firft  kind. 
Knives  fixt  at  one  end,  to  cut  wood,  bread,  ^c.  are  leavers  of 
the  fecond  kind.  The  hones  in  animals,  alfo  tongs,  are  leavers 
of  the  third  kind.    A  hammer  to  draw  a  nail  is  a  bended  leaver, 

Ex.    II. 

A  windlefsy  and  a  capjlain  in  a  (hip,  and  a  crane  to  draw  up 
goods  out  of  a  (hip  or  boat,  may  be  referred  to  the  wheel  and 
axel. 

Ex.    III. 

All  edge  tools  and  inftruments  with  a  fharp  point,  to  cut, 
cleave,  flit,  chop,  pierce,  bore,  ^c.  as  knives,  hatchets,  fciffars^ 
fwordSi  bodkins,  &c.  may  be  reduced  to  the  wedge. 

Ex.    IV. 

The  har  AB  bearing  a  weight  C,  may  be  referred  to  the  186. 
leaver;  where  the  weight  upon  J:  to  the  weight  upon  B  :: 
is  as  BC :  to  JC. 

Ex.   V. 

Likewifc  if  two  horfes  draw  the  weight  fF,  in  the  diredions   187. 
'/i  1,  B  2,  by  help  of  the  fwingtree  AB -,  this  may  be  referred 
to  the  leaver.     And  the  ftrength  or  force  at  A,  to  that  of  jB  :: 
is  as  BC  :  to  AC. 

Ex.    VI, 

ACB  is  a  balance,  where  the  brachia  AC,  CB  being  equal,  18S. 
the  weights  in  the  two  fcales  Z>,  E  will  be  equal.  The  pro- 
perties of  a  good  balance  are,  i.  That  the  points  of  fufpen- 
lion  of  the  fcales,  and  the  center  of  motion  of  the  beam,  be  in 
one  right  line.  2.  That  the  brachia  or  arms  be  exaflly  of 
«qual  length  from  the  center  of  motion.     ?.  I'hat  they  be  as 

B  b  ?  long 
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F  J  o.   \on:r  as  pofiibic  with  conveniency.     4.  That  there  be  as  little 
188."   friifion  as  polTible  in  the  motion.     5.  That  the  center  of  gravity 
of  the  beam  be  in,  or  but  very  little  below,  the  center  of  mo- 
tion.    6.   That  they  be  in  equilibrio  when  empty. 

if  one  brachium  AC  be  longer  than  the  other  C5,  then  the 
weioht  in  the  fcale  E  muft  be  greater  than  that  in  D,  to  make 
an  equilibrium.  And  then  you  will  have  a  deceitful  balance, 
which  beincT  empty,  or  loaded  with  unequal  weights,  fhall  re- 
main in  equilibrio.  For  JC:  CB  ::  weight  in  E:  weight  in 
D  •,  by  the  property  of  the  leaver.  But  changing  the  weights  ' 
trom  one  leak  to  the  other  will  difcover  the  deceit ;  for  the 
balance  will  be  no  longer  in  equilibrio. 

Ex.   VII. 

190.  Tht  Jieelyard  JB  is  nothing  but  a  leaver,  whofe  fulcrum  is  C, 
the  center  of  motion.  If  the  weight  P  placed  at  D  reduces 
the  beam  AB  to  an  equilibrium  •,  and  there  be  taken  the  equal 
divifions  D,i,  1  2,  2  3,  3  4,  ^c,  then  the  weight  P  placed. 
fucctrfTively  at  1,  2,  3,  4,  ^£,  will  equi-ponderate  with  weights 
as  IV^  fufpended  at  ^,  which  are  alfo  as  the  numbers  i,  2,  3, 
4,  ^c.  refpeflively.  Moreover  if  the  divifions  Di,  i  2,  2  3> 
{^c.  be  each  —  CB.  Then  if  P  be  fucceffively  pla'ced  at  1,2^' 
3,  tsV.  the  weight /F  to  balance  ir^-Aviil  be  refpedively  equal 
to  P,  2P,  ^P^  ^c.  that  is  to  I,  2,  3  pounds,  ^c,  if  P  is  a 
pound.  .  . 

For  by  the  property  of  the  leaver  CPx  P  +  CD  x  P—CBx^K 
that  \sPDxP-CBxlV.  And  CB  :  PD  :  :^^-:Jf^  uniVer- 
fally.  Whence,  if  DP  or  Di  —  CB,  then/F-  P.  If  DP  or 
Bi  —  iCB,  then  PV—2P,  ^c.     But  if  CB  be  greater  than  Di, 

I  2,  l^c.  then  will  the  conftant  weight  P  be  greater  than  /F, 

ilF,  &c. 

The  properties  neceflary  for  a  fteelyard  to  have,,  are  thefe. 

1.  That  the  fixt  weight  P  being  placed  at D/' wher& the. di- 
vifions begin,  fhall  make  the  beam  in  equilibrio.    /:     ;       r'. 

2.  That  the  divifions  D  i,  1  2,  2  3,  ^c.  be  ^eqiialtd.  one" 
another. 

3.  That  CB  may  be  of  any  length,  provided  the  weight  P 
be  rightly  adjullcd  to  it :  1-72;.  fo  that  CB  :  Di  ::  P  :  1  pound, 
if  ^^be  pounds.     Or  CB  :  Df  .::  P  :  i  ftone,  if  J^  be  Hones. 

4.  That  the  beam  be  flrait,  and  the  upper  edge  in  a  line 
with  the  centers  C,  B. 

5.  That  it  move  eafily  and  freely  on  its  center  C. 

Many 
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Many  fteelyards  are  likewife  graduated  en  the  under  fide,   f  1  c. 
wh.ch  may  be  ufed  by  turning  them  upfide  down.     Generally    190. 
one  fijde  is  for  fmall  weights,  and   the   other  for   great  ones. 
And  each  fide  is  adjufted   by  the  foregoing  rules  ;  and  all  the 
crooks  hanging  at  it  (except  the  moveable  one  for  the  weight) 
muft  go  to  the  <veighc  of  the  beam.. 

-),'{o  Ex.    VIIl. 

Let  AB  be  a  cheefe  prefs  ;  CE,  FG  are  leavers  moveable  about    189. 
the  points  X),  £,  h\  G,  by   applying  the  hand   at   C.     S   the 
ftone  or  weight.     H  the  cheefe. 

If  CD  =  5,  D£zz2,  FG--6,  GHzz?,  FRmj,  FH-4.. 
Then  in  the  leaver  C£,  D  is  the  fulcrum.  Call  trie  pov/cr  at 
C,  I  •,  then  the  force  at  £  or  F  is  4.  And  in  the  leaver  FG, 
whaic  fulcrum  is  G  -,  if  the  power  at  i^  be  i,  the  force  at  R 
is4,:,l^^,?refore  the  power  at  C„  to  the  weight  .S,  is  as  i  to  i 
X  4  Pr^  3'  Alio  thp  weight  of  the  ftone  at  R,  to  the  prefiure 
ai  i;/,,^s  2-to  5j  or,  i  to  ^  And  the  power  at  C,  is  to  the 
prefiure  at  i/j^-^s-j  to  gX;!  or  7  ^r. 

Ex.   IX, 

J  Let  EG  be  z  fpinniny  wheel'.  Diameter  of  the  rim  EFzziZ.  I9i« 
Otamisfer  of  the  tv;ill  <3Z'zz2.  Diameter  of  the  v/horle  r<3'.rr3. 
^^i-i^  the  band  going  about  the  twill.  £fi^  the  band  going 
about  the  whorie.  Therefore  whilft  the  rim  makes  i  revolu- 
tion, the  twill  makes  9,  and  the  whorie  and  leathers  6.  There- 
fore there  are  3  revolutions  of  the  twill,  for  2  of  the  feathers  n. 
And  confequently  the  difference  of  the  revolutions  Which  is  1, 
is  the  quantity  taken  up  by  the  twil],,  whilll  the  thread  /r«  is 
twine^  by  liiefe  2  revolutions  of. the  feathers.  The  greater  the- 
difference  of  the  revolutions  of  the  twill  and  feathers,-  the  more, 
the  wheel  takes  up.  .^And  the  nearer  an  equality,  the  more 
fiid  twines.  If  they  n~AaJ<e  equal  Fevolutions  in  the  fame  time, 
lhe.>vill  nottake  ^up  at  all.  And  if  the  feathers  make  no  re- 
volutions, fuc^wlll  t.vvine  none.  The  greater  the  proportion  of 
the  rim  to  the  whpfle  and  twill,, the  falkr  fhe  will  do  both.   , 

Ex.    X. 

A  machine  to  raife  a  weight  by  the  force  of  the  running 
water  7//,  carrying  the  wheel  LK,  by  means  of  the  fioats  F,  F. 
Let  the  diamettr  of  the  wheel  LK  be  10  j  of  GB,  2  i  of  DC, 

Hi 


190  DESCRIPTION     OF 

1 1  •  of  AE^  q.     Let  the  power  of  the  water  againft  the  floats 

'  ^  °*   p    be  ^      x?ien  the  force  at  B  to  move  the  wheel  CDy  will  be 

^^^'     c';  acrain  if  the  power  at  5  be  i,  the  force  at   A  will  be  3  1. 

Therefore  the  force  of  the  water,  to  the  weight  fF,  is  as  i  to 

r><  q  ^_,  or  as  I  to  18  7. 

When  the  wheels  and  axles  and  weight  are  fo  adjufted,  that 
the  velocity  of  the  floats  at  F,  is  f  the  velocity  of  the  waccr 
there  ;  then  the  weight  PF  will  have  the  greateft  motion  of  af- 
cent  pofllble.  For  if  any  one  thing  be  changed,  whether  the 
weight,  or  the  diameter  of  any  wheel  or  axle,  whilfl:  the  reit 
remain  the  fame,  the  motion  will  be  leflened. 

Ex.    XI. 

193'  I"  ^^^  machine  FB,  which  ralfes  the  weight  ^,  by  means'of 
the  wheel  EG,  and  the  perpetual  fcrew  BE.  Let  the  circum- 
ference defcribed  by  the  power  C  be  30  inches,  the  diftance  of 
two  threads  of  the  perpetual  fcrew  E,  be  i  inch.  Diameter  of 
the  wheel  EG— 5  feet,  of  DA— 2.  '1  herefore  if  the  power 
at  C  be  I,  the  force  ading  at  E  to  turn  the  wheel  EG  will  be 
10.  And  if  the  power  at  E  be  i,  the  force  at  D  will  be  2^. 
Therefore  the  power  at  C,  to  the  weight  W,  is  as  i  to  30x24- 

or  I  to  yS' 

Note,  it  is  the  fame  thing  whether  CB  be  (Irait  or  crooked, 
whilft  the  diftance  BC,  in  a  fl:rait  line  is  the  fame  j  and  in 
'  meafuring,  you  mult  always  take  the  ftrait  line  BC, 

Ex.    XIL 

104.  Iri  a  machine  compounded  of  wheels  to  raife  a  weight  ;  let 
JB  —  ^y  diameter  of  the  barrel  MA^:=  2,  the  number  of  teeth 
in  the  wheels  and  nuts  as  follows  -,  CD  =10,  CEzz^-o,  FGz^ 
12,  FHzzso,  KI—\2  IL—4..  Then  the  power  applied  to 
B,  is  ro  the  weight  ff^,  as  1x10x12X12  to  5X40X50X64; 
that  is  as  i  ,40  to  640000,  ^r  as  i  to  444  ~. 

But  if  the  power  was  at  ^F,  to  move  the  weight  B ;  then 
the  ratio  will  be  inverted.  For  then  the  power  will  be  to  'he 
force  at  5,  as  444  to  s.  Or  if  the  velocity  of  B  was  re- 
quired, you  will  have  the  velocity  of  ^to  that  of  B,  as  i  to 

444. 

Ex.   XIIL 

105.  A  machine  to  raife  a  weight  by  help  of  the  triangle  ABEF, 
the  windleis  CC,  and   two  pullies  P,  ^    Let  the  diameter 

HG 
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HG  where  the  rope  goes,  bei::2,  radius  CD—^.  Then  if  the  p  j  ^^ 
power  at  2)  be  i,  the  force  at  H  is  5.  And  if  the  force  at  //,  jq- ' 
drawn  by  one  rope,  be  i,  the  force  at  ^«.irawn  by  two  ropes, 
will  be  2.  Therefore  the  power  at  D,  to  the  weight  W,  is  as 
I  to  2X5  or  10.  If  the  leg  AB  be  wanting,  the  other  two 
may  be  fet  againft  a  wall,  or  upheld  by  ropes,  and  then  it  is 
called  a  pair  of  Jheers, 

Ex.    XIV, 

If  the  weight  A  is  to  be  lifted  by  the  3  pullies  C,  D.  E,  of  196. 
which  C  is  fixt.  Call  the  power  at  B,  i.  Then  the  force 
ftretching  AE  is  i  ;  and  both  together  is  equal  to  the  force  of 
DEZZ2;  and  force  DAizii  whence,  force  DCri/^ -,  likewife 
force  CAzz^..  Therefore  the  whole  force  ading  at  A  is  14-2 
4-4=17,  and  the  power  at  B  to  the  weight  A-^  as  i  to  y. 

Ex.   XV. 

In  this  machine,  hACD  is  a  running  rope  fixt  at  D,  5  a  fixt  197. 
pulley.  Let  the  power  at  h  pulling  the  lOpe  hA  be  i.  That 
on  AC  I,  and  CD  i.  Then  will  AB  be  2,  and  BC  2,  BE  4. 
And  the  weight /F  oppofing  yfC,  BC  and  DC,  will  be  14-2 
4-1—4.  Whence  the  power  at  b,  to  the  weight  fV^  is  as  i 
to  4. 

]£x.   XVL 

Another  machine  with  pullies,  A  a  fixt  pulley  ;  the  ends  19S. 
of  the  feveral  ropes  are  fixt  at  B,  C,  D  E.  Suppofe  the  power 
at  M—i,  then  the  force  on  AE,  FB  -s  i  -,  on  FG,  GC,  2  ;  on 
GH,  HDy  4;  on  HI,  IE,  8.  But  the  weight  P  ads  againit 
HI,  IE,  and  is  therefore=:i6  :  and  the  power  is  to  the  weight, 
as  I  to  1 5. 

S  C  H  O  L, 

In  a  fingle  pulley,  as  fig.  ^^.  if  a  given  power  at  P  was  to    3^. 
be  a  weight  or  heavy  body,   which   was   to  raile  fome  other 
weight  PV,  there  will  be  the  greeted  motion  generated  in  JV, 
in  any  given  time,   when  fV  ziz  ^^  F. 

And  in  a  combination  of  pulHes,  as  fig.  42.   if  a  weight  F    42. 
was  [o  raife  another  weight  IF:,  aod  if  velocity  of  fF:  velocity 
of  P  ::  -r  P:  PV;  then  FF  wll  be  the  wei^zhi  which  will  acquire 
the  greatcft  motion  in  a  givcr*  time,  by  that  given  powu  /'. 

Ex. 
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^'*'*  Ex.   XVII. 

199. 

Let  BE  be  a  boat  rowed  by  oars  -,  and  let  ABC  be  one  oar. 

Here  the  power  adts  at  A,  and  the  pin  B  will  be  the  fulcrum  ; 

and  the  force  at  C,  ading  againfl:  the  water,  is  that  which  gives 

her  motion.     Let  the  power  at  yi/  be  i  j  then  the  force  at  C, 

AB 
by  which  the  boat  is  moved,  is-__  .    Whence  the  longer  AB^ . 

or  the  fliorter  5Cis,  fo  much  more  power  there  is  at  A  to  move 
her  forward. 

Therefore  long  oars  have  the  difadvantage  of  lofing  power. 
Yet  the  oars  may  be  too  (hort,  as  well  as  too  long.  For  if 
they  be  very  (hort,  the  motion  of  the  boat  will  allow  little  time 
to  itrike,  and  they  will  have  but  fmall  force  to  ad  againft  the 
water  with,  in  fo  fmall  a  time,  as  well  as  from  the  flow  motion 
of  the  end  C -,  which  is  a  difadvantage  on  the  other  fide. 

Ex.   XVIII. 

200,  Let  FR  be  a  boat  or  a  JJjip^  AS  a  fall.  Suppofe  a  plumb- 
line  drawn  through  the  center  of  gravity  of  the  fedion  of  the 
Ihip  and  water ;  and  another  line  BO,  parallel  to  the  horizon 
and  to  the  axis  or  keel  of  the  fliip,  and  to  pafs  through  the 
Center  of  prefli"ure  or  rcfillance  of  the  (hip,  which  fhe  has  by  the 
water  in  her  motion.  Let  this  inter  fed  the  former  plumb-line 
in  0.  Through  C  the  center  of  gravity  of  the  fail,  draw  CD 
perpendicular  to  the  fail ;  and  CB  perpendicular  to  50,  and 
AS  in  the  plane  of  the  triangle  CBD. 

Then;  if  DC  be  the  force  of  the  wind  againft  the  fail  ASy 
then  D5  is  the  force  generating  her  progrcfTive  motion,  and 
BC  is  the  force  lifting  the  fhip  upwards.  Now  the  force  DB, 
acting  at  C,  in  diredion  DB^  endeavours  to  turn  the  fliip  round 
an  axis  palTing  through  O,  with  a  force  which  is  equal  to  the 
abfolute  force  BD  x  by  the  diftance  CB.,  or  CB  x  BD  -,  and  this 
is  the  force  by  which  her  head  is  deprelTed.  Likewife  the  force 
5C,  in  dire(5t:on  5C,  endeavours  to  turn  the  fl-iip  round  an  axis 
at  0,  the  contrary  way  j  and  that  with  the  force  5Cxdifi:ance 
BO,  or  BCxBO;  and  this  is  the  force  that  raifcs  her  head. 
Therefore  the  force  to  raife  her  head  is  to  the  force  to  deprefs 
it,  as  CBxBO  to  CBxBD,  or  as  BO  to  BD. 

Hence,  if  the  point  D  fall  before  0,  then  the  fail  endeavours 
to  raife  the  fhip's  head  •,  if  it  be  behind  O,  it  endeavours  to 
fink  it.    If  it  be  in  0,  it  will  keep  her  fteady.  ,  And  the  height 

of 
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of  the  fail  yiS  contributes  nothing  to  her  progreflive  motion  ;   f  i  g. 
the  fame  ratio  of  the  abiblute  to  the  progreffive  force,  remains    200 
fall  as  CD  to  DB. 

Ex.  XIX. 

EF  is  a  cm-t  or  carriage,  BD  a  rub  for  the  wheel  CJD  to  pafs  201. 
over,  JB  the  horizontal  plane  •,  DB,  AC  perpendicular,  and  OD 
parallel  to  JB.     Cthe  center  of  the  wheel.    Then  the  horizon- 
tal force  required  to  pull  the  wheel  over    the   rub  BD,  is  as 

And  the  difficulty  of  going  over  rubs  increafes  in  a  greater 

ratio  than  that  of  their  heights.  Alfo  the  higher  the  wheels,  the 
more  eafily  they  pafs  over  them  -,  but  then  they  are  more  apt  to 
overturn.  To  draw  the  cart  with  the  lealt  power  over  the  rub 
BD,  it  Ihould  not  be  drawn  in  the  horizontal  diredion  AB  or 
OD',  but  in  the  direction  AD.  The  advantage  of  high  wheels 
is,  that  they  pafs  the  rubs  mod  eafily,  and  they  have  alfo  lefs 
fridion,  and  fink  lefs  in  the  dirt,  and  more  eafily  prefs  down 
an  obliacle.  But  their  difadvantage  is,  that  they  eafily  over- 
turn ;  they  alfo  make  cattle  draw  too  high  ;  for  they  can  apply 
their  ftrength  beft  when  they  draw  low  and  upward,  as  in  the 
diredion  AD  ;  which  is  the  advantage  of  low  wheels.  Yet  if 
the  wheels  are  high,  they  may  be  made  to  draw  low,  by  fixing 
the  limmers  or  traces  as  far  below  the  axle  as  you  will. 
which  will  then  be  an  equal  advantage  with  low  wheels.  For 
the  power  not  pulling  at  the  wheel,  but  at  the  carriage,  may 
draw  from  any  part  of  it.  There  is  another  advantage  in  fmall 
wheels,  that  they  are  better  to  turn  with. 

A  waggon  with  4  wheels  is  more  advantageous  than  a  cart  with 
only  2  wheels,  efpecially  on  fand,  clay,  &c.  Narrow  wheels 
and  narrow  plates  are  a  difadvantage  ;  the  broader  the  v/heels, 
the  lefs  they  fink,  and  therefore  require  lefs  draught,,  and  alfo 
cut  the  roads  lefs  ;  yet  they  take  up  a  great  deal  of  dirt,  which 
clogs  the  carriage.  There  is  a  great  deal  of  friftion  in  all  car- 
riages, as  is  evident  by  the  force  required  to  draw  them  upon 
plain  ground.  And  for  that  reafon,  experience  can  only  inform 
us,  how  much  force  is  able  to  draw  any  carriage.  To  make 
the  refiftance  as  fmall  as  can  be,  axles  of  iron,  running  in  brafs 
boxes  in  the  wheel  naves,  go  the  eafieft. 

The  fpokcs  in  the  wheel  ought  to  be  a  little  inclined  out- 
wards •,  that  when  a  wheel  finks  into  a  rut,  the  fpokes  (bearing 
then  the  greateft  weight;  may  be  nearly  perpendicular  to  the 
horizon. 

C  c  Tlie 
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The  nnderHde  of  the  axle-tree,  where  the  wheels  run,  ought 

^  ^  ^'   to  be  nearly  in  a  right  line  j  if  they  flantmuch  upward  towards 

^^^'    the  ends,  tlie  wheel  will   work   againlc   the  lin  pin.     Yet  this 

caules  the  wheels  to  be  further  akinder  at  top  than  at  bottom 

in  the  rut,  becaufe  the  ends  of  the  axle-tree  are  conical ;  which 

is  an  inconvenience. 

Ex.   XX. 

20  2.  Suppofe  the  I'cr-ggon  FG  is  moved  forward,  by  a  power  acting 
within  it.  Which  power  turns  the  wheel  DEby  the  fpokes  JDy 
AD^  Sec.  and  DE  turns  the  wheel  /C,  which  carries  the  waggon. 
Let  the  power  at  y^  be  i,  then  the  force  afting  at  E  will 

be—-;  alio  if  the  power  at  £  be  i,  the  force  at  C,  by  which. 

DE 

BE 
the  vvageon  is  moved,  will  be Therefore  the  power  at  Jy 

tot)  '  ^Q 

to  the  force    by   which   the  waggon  can  be    moved,  is   as  i 

to      ^^     -.     Or  the  powsr  is  to  that  force,  as   DExBC  to. 

DExBC  ^ 

DAxEB.  It  will  be  the  fame  thing,  if  inftead  of  teeth,  the 
wheel  DE  carries  EB  by  a  chain  going  round  them.  You  mud 
fuppofe  the  like  wheels  on  the  oppofite  fide. 

Hence  if  the  abfolute  force  to  move  the  waggon  without,  be 

i  i  the  force  within,  applied  at  A^  to  move  it,  will  be  -  ^  ^      . 

Ex.    XXI. 

203.  ABCT)  are  the  fails  of  a  windmill,  all  alike  inclined  to  their 
com:-non  axis,  and  facing  the  wind,  and  turning  about  in  the 
order  ABCD.  JFC  the  di'reftion  of  the  wind  parallel  to  the  axis 
EH.  Since /FC  is  perpendicular  to  £C,  draw  CF  in  the  fail 
perpendicular  to  £C-,  then  the  angle  /"/'CF  will  be  the  angle 
of  incidence  of  the  wind  upon  the  fail.  Therefore  the  force  of 
the  wind  to  turn  the  fails  about  the  axis  Elh  is  as  the  Iquare  of 
the  fine  of  the  angle  WCF  x  by  its  cofine.  And  the  force  act- 
ing againft  the  mill,  in  direftion  of  the  axis  EH,  is  as  the  cube 
of  the  fine  oi  WCF.  Now  fince  the  force  of  the  wind  to  turn 
the  fails  round,  is  as  SWCF"-  x  cof.  JVCF  ;  therefore  when  that 
force  is  the  greateft,  the  angle  WCF  will  be  54°  :  44 . 

And 
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And  this  is  the  mofl:  advantageous  pofition  of  the  fails  to  ^  i  q 
move  them  from  reft  -,  and  would  always  be  fo,  if  the  wind  202 
flruck  them  in  the  fame  angle  when  moving  as  when  at  reft. 
Buc  by  reafon  of  the  fwift  motion  of  the  fails,  efpecially  near  the 
end  G,  the  wind  ftrikes  them  under  a  far  lefs  angle ;  and  not 
only  fo,  but  as  the  motion  at  the  end  G  is  fo  fwift,  it  may  ftrike 
them  on  the  backfide.  Therefore  it  will  be  more  advantageous 
tq  make  the  angle  of  incidence  IVCF  gresner,  and  fo  much  more 
as  it  is  further  from  E.  Therefore  at  the  places  ;;,  o,  G,  the 
tangents  of  the  angles  ought  to  be  nearly  as  the  diftances.  En, 
Eo,  EG.  And  therefore  the  fails  ought  to  be  twifted,  io  as  ac 
r  to  lie  more  iharp  to  the  wind,  and  at  G  almoft  to  face  it.  And 
by  that  means  they  will  avoid  the  back  wind. 

Ex.    XXII. 

GB  IS  a  common  fucking  pump  ;  GKL  the  handle;  CD  the  204., 
bucket-,  £,  7^ two  clacks  openmg  upwards.  When  the  end  L 
is  put  down,  the  end  G  raifes  the  fucker  or  bucket  CD,  and  the 
valve  or  clack  F  fhucs ;  and  the  water  above  the  bucket  being 
raifed,  the  weight  of  the  atmofphere  is  taken  off  the  water  un- 
derneath in  the  pump.  Then  the  preffure  of  the  external  air  in 
the  pit  or  well  MN,  raifes  the  water  up  the  pump,  opens  the 
valve  £,  and  afcends  thro'  the  hole  B  into  the  body  of  the  pump 
DB.  Again,  when  the  handle  L  is  raifed,  the  bucket  CD  de- 
fcends,  the  valve  F  opens,  and  lets  the  water  afcend  through 
it,  and  the  preifure  of  the  water  fhuts  the  valve  £",  fo  that  the 
water  cannot  return  through  B.  Then  whiUi  the  end  L  is  put 
down  again,  the  fucker  CD  is  raifed  again,  together  with  the 
water  above  it,  whilft  more  afcends  through  B.  So  that  at 
every  ftroke  of  the  handle,  water  is  raifed  into  the  pump,  till  at 
laft  it  flows  through  the  pipe  H. 

If  the  bucket  CD  be  more  than  30  or  32  foot  from  thefurface 
of  the  water  MA^in  the  pit,  no  water  will  afcend  above  it ;  for 
the  preffure  of  the  atmofpiiere  reaches  no  farther.  Therefore  ic 
muft  be  always  within  that  diltance,  or  this  pump  is  ufclefs  for 
raifing  water. 

The  weight  of  water  which  the  bucket  lifts  at  each  ftroke  is 
that  of  a  column  of  water,  whofe  height  is  MH,  and  its  diameter 
that  of  the  bore  of  the  pump  at  CD,  where  the  bucket  goes. 
Therefore  as  GK  to  KL  ::  fo  the  power  applied  at  L,  to  that 
weight.  Therefore  it  fignifies  nothing  where  the  bucket  is  placed, 
as  to  the  weight  of  water.  If  a  leak'happens  in  the  barrel  of  the 
pump  below  the  bucket  CD,  the  air  will  get  in  and  hinder  the 

C  c  2  work- 
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workinf^  of  the  pump  :  If  above  CD,  only  fome  will  be  loft  •, 
tlitrefore  CD  Ihould  be  placed  low  ;  but  then  it  will  be  bad  to. 
come  at  to  repair  it. 

The  bucket,  tucker,  or  piflon,  is  to  be  furrounded  with  lea- 
ther to  fit  exa<flly,  and  mult  move  freely  up  and  down  in  the 
barrel,  and  muit  alfo  cxaftly  nil  it.  Of  valves  or  clacks,  fome 
are  flat,  made  of  leather ;  others  are  conical  :  and  they  mud:  all 
fit  very  clofe,  and  move  freely.  To  balance  the  weight  of  wa- 
ter, the  handle  KL  is  commonly  made  heavy,  as  cf  iron,  with 
a  knob  at  the  end  L. 

The  bore  of  the  pipe  at  B  fhould  not  be  too  ftrait  ;  the 
wider  it  is,  the  more  freely  the  water  afcenels,  and  the  eafier  the 
pump  works.  Likewife  the  longer  ftroke  the  pump  makes,  the 
more  water  is  raifed  by  the  fame  power  ;  there  being  lels  water. 
lofl:,  by  the  valves  fhutting. 

Calculation  of  a  common  pump. 

Suppofe  LK^  3  feet ;  KG,  8  inches. 

h  —  HM  the  height  from  the  water  in  yards  : 

Then  the  diameter  of  the  bore  at  D  will  be  zz  \/ — ~  inches. 

b 

And  a  finele  perfon  will  raife hogfheads  of  water  in  an 

^  h 

hour. 

In  many  pumps  for  common  ufe,  it  is  not  neceflary  to  draw 

a  great  quantity  of  water  ;  and  then  a  fmaller  bore  will  ferve, 

as  3  or  4  inches  -,  which  will  make  the  pump  go  To  much  the 

lighter.. 

Ex.    XXIII. 

2o6.  ^^  ^  ^^^  fitting  in  the  fcale  E,  be  in  equilibrio  with  a  weight 
in  the  fcale  A  %  and  if  he  thruft  againft  the  beam  CB,  with  a 
flick  or  otherwife,  in  direcftion  ED,  and  by  that  means  thrufts- 
out  the  fcale  E  to  the  pofition  BE.  Then  the  man  in  the  fcale  E 
will  over-balance  the  other  fcale  A,  and  raife  the  weight.  For 
let  EL  be  perpendicular  to  FB  ;  then  the  force  at  E  to  turn  the 
fcalcs  is  to  the  contrary  force  at  F,  as  CL  to  CF  or  CB.  For  it 
is  the  fame  thing,  as  if  E  was  fufpended  at  L. 

And  when  the  perpendicular  obftacle  G/Zhinders  thefcale  from 
going  out ;  and  the  center  C  is  always  kept  fteady.  Yet  the 
fcale  E  will  ftill  preponderate.  For  let  ED  be  the  force  adling 
agaipift  D  ;  this  is  equivakiat  to  the  two  forces  EB^  BD,  aftiog 

Jit 
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at  E  and  D.    The  force  BB  tending  to  or  iVoni  ihe  center,  does    fig. 
nothing.     But  the  force  EB  at  £,  ailing  at  the  diftr.nce  CB,  its     20  j. 
power  to  bring  down  the  icale  Eh  CBxBE.     And  the   fame 
force  ading  a:  A   i^^s  power  to  puih  up  the   fcale  is  CDxBE. 
And  their  difference  DB  X  BE  is  the  abfolute  force  to  thruft- 
down  the  fcale.     And  thi .  tor.  e  is  to  the  whole  thruiling  force 
DE,  as  DB  to  DE.     And  if  D  were  on  the  other  fide  ot  C,  the 
foK:e  would  ftill  be  DBxBE,  or  CB-\-CDxBE. 

But  if  the  fcale  E  was  not  moveable  about  B,  as  if  it  v/ere 
tied  by  the  cord  DE  ;  then  no  force  adcing  again  [I  any  part  of 
the  beam  FB,  could  have  any  effedt  to  deilroy  the  equ.librium, 

Ex.    XXIV. 

Suppofe  a  man  A  Handing   upon  the   plank  C3,  fupported;  207,. 
only  at  the  end  C,  and  pulling  the  end  B  towards  him   by  the 
rope  EB,  in  order  to  ket^p  hjmfelf  and  the  plank  from  falling. 

Iniagine  the  man  and  the  plank  to  be  one  body  -,  then  the  ac- 
tion and  re-adion  in  direflion  £5,  deftroy  one  another,  and  his. 
pulling  does  nothing.  It  would  therefore  be  in  vain  for  him  to 
endeavour  to  lupport  himfelf  by  that  force  ;  for  both  he  and  the 
plank  mud  fall  down  together  towards  B,  by  their  own  weight. 

Ex.    XXV. 

CD  is  a  machine  with  two  wheels  fixed  to  an  axis  DF,  round  20S. 
which  goes  a  cord  GDFE.  There  is  a  power  at  ^.endeavouring 
to  draw  the  machine  towards  £,  in  a  direflion  parallel  to  the 
horizon  HO,  by  the  cord  EF,  going  under  the  axis  DF.  In 
the  radius  y^H  of  the  wheel,  take  yjB  equal  to  the  radius  of  the 
axle  DF,  towards  H,  becaufe  the  ftring  goes  below  it.  Then 
the  force  to  move  the  machine,  is  the  fame  as  if  the  llring  was 
fixed  at  B  ',  where  H  is  the  fulcrum,  ^  the  weight.  Then  the 
force  to  move  the  machine  towards  E,  v/nh  the  given  power  £", 
will  be  as  BH.  Therefore  it  would  be  in  vain, .  by  pulling  at 
the  ftring,  to  endeavour  to  make  the  body  roll  towards  D,  the 
contrary  way.  But  if  Di^'v/as- greater  than  the  diameter  of  the 
wheel,  that  is,  if  B  falls  bi-yond  H,  then  the  furre  drawing  to- 
wards £,   would  move  the  body  towards  D  the  contrary  way. 

If  the  diredion  of  the  power  DE  be  elevated  above  the  hori- 
zon, as  Je ;  then  the  machine  could  approach  or  recede,  till  the 
direction  of  the  ftring  ef  fell  upon  the  pomt  of  contad:  H,  *hkI 
there  it  would  reft. 

Ex.- 
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^^^'  Ex.   XXVI. 

JB  is  an  r.rlificicil  kite^  kept  up  by  the  wind  blowing  in  direc* 
tion  /fl?,  by  drawing  the  firing  AIBIH,  fixed  at  A  and  5.  The 
kite  will  gain  iuch  a  pofition,  that  ///"produced  will  pal's  through 
the  center  of  gravity  of  its  lurface  at  C.  Draw  CO  perpendicular 
to /jV/,  and  L'O  perpendicular  to  the  horizen  HO.  Then  OC 
is  the  diredion  of  the  force  of  the  wind  acting  againft  the  kite  -, 
and  the  force  of  the  wind  to  keep  her  up,  is  as  the  fquare  of  the 
fine  of  the  angle  ACIF  or  COD.  Now  if  BO  reprelent  the 
«nven  weight  of  the  kite,  CO  will  be  the  force  of  the  wind  acl- 
ino;  againft  her,  and  CD  the  force  pulling  at  the  ftting.  The 
taU  ii'F(vvith  a  bullet  F  at  the  end)  being  always  blown  from 
the  wind,  keeps  her  head  always  towards  the  wind. 

As  the  direction  of  the  thread  always  paffes  through  C,  there- 
fore [he  angle  ACH^  and  confequenily  HCO^  will  always  be  the 
fame  at  all  altitudes.  And  (he  can  never  afcend  fo  high,  till  the 
angle  of  ahitude  CHO  be  equal  to  ACH.  And  hence  it  follows, 
that  the  lefs  the  angle  HCO  h  made,  the  higher  (he  will  rife. 
And  iikewife  the  greater  the  wind  is,  or  the  lighter  the  kite, 
ceteris  paribus^  the  higher  (he  will  rife. 
210.  After  a  like  manner  a  machine  as  ab  may  be  contrived,  to 
keep  at  the  top  of  a  running  water,  being  held  by  the  firing 
dc  tyed  to  a  flone  and  funk  to  the  bottom  :  ab  \s  2l  thin 
board,  b  a  piece  of  lead  to  fink  the  end  b^  but  the  whole  muft  ' 
be  lighter  than  water,  cd  an  iron  pin  fixed  at  C.  Or  the  ma- 
chine may  have  a  loofe  tail  at  b^  heavier  than  water,  as  in  the 
kite. 

Ex.   XXVII, 

If  AB  is  a  machine  to  be  moved  by  a  povver  acfling  at  C  out 
of  the  machinf,  in  direflion  DC.  DF^  GI  two  leavers  within 
the  machine,  moveable  about  the  two  fixed  fulcrums  £,  H. 

Call  the  power  at  C,  i  •,  then  the  force  ati^to  move  the  leaver 

BE  " 
Cly  IS ..     Then  if  the  force  at  i^  be  i,  that  at  the  obftacle  / 

EF 

C7~f 
out  of  the  machine  is Therefore  if  the  pov/er  at  C  be  i, 

HI  ^ 

the  force  adling  againft  the  obftacle  at  /,  or  which  is  the  fame 
thing,  the  force  urging  forward   the  m.achine  towards  i>,  is 

--- — -— .    But  the  power  at  C  draws  back  the  machine  with  the 
EFx^il 

4  .  force 


211. 
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force  I.     Therefore  the  abfolute  force  urging  forward  the  ma-   r 

,.      .   DExGH       ^  ^DExGH --■  EF  X  HI  _.  ^ 

chine  IS  - ■ —  —  i  or  — . — .  211. 

FI 

Note,  if  the  force  at  /*  be  i,  the  force  againft  iYis But 

HI 

this  is  not  the  force  urging  forward  the  machine,  but  to  tear  her  . 

in  pieces,  or  to  feparate  the  fulcrums  E,  H,  from  one  another. 

if  there  had  been  three  leavers,  and  the  power  at  D  ;  the 
third  had  been  diredled  towards  K,  the  way  the  machine  goes  ; 
then  the  power  i  muft  be  added  to  the  force  at  I,  and  the 
•whole  is  the  force  urging  forward  the  machine. 

Hence,  if  the  abfolute  d'lrtd:  force  to  move  the  machine  be 
i',  the  power  applied  at  D,  which  is  able  to  move  it,  will  be 

. —  — .     But  if  the  power  at  D  acl  within  the 

DExGH-EFxHI  ^ 

EF  V  M r 
machine,  this  power  could  only  be  - —  ;    fince   there    is 

DExGH 

then  no  force  to  be  dedudled  for  drawing  back  the  machine. 

Ex.   XXVIII. 

BABH  is  a  wooden  bridge.     AC^  AD^  AB,  BH,  50,  beams  of  212. 
timber.  DE,  EL,  SR,  RH,  braces  to  ftrengthen  the  angles  A,  B. 
The  ftrefs  upon  any  of  the  angles,  is,  ceteris  paribus,  lb  much 
greater,  as  the  angle  is  greater.    But  the  ftrength  on  any  angle 
A,  is  as  the  perpendicular  AP. 

Ex.  XXIX. 

AB  z  failing  chariot.  CDEF  horizontal  fails,  fo  contrived  212. 
that  the  fails  D  facing  the  wind  may  expand,  and  thofe  going 
from  the  wind  may  contratl.  The  fails  are  turned  about  by  the 
v;ind  coming  from  any  coaft.  Thele  fails  turn  the  axis  and 
trundle  GH.  And  the  trundle  turns  the  wheel  IL  by  the  cogs 
m  it.  Therefore  the  chariot  may  move  in  any  direction.  R  is 
a  rudder  to  fteer  with. 

Suppofe  the  chariot  to  go  againfl:  the  wind.  Let  D  be  the  cen- 
ter of  preffure  of  ihe  two-fails  C,  D,  the  wind  blows  on.  And 
let  the  power,  (that  is  the  force  of  the  wind  a^fting  againft  the 
lails)  be  i,  then  the  force  afting   againft  the  teeth  in  /L,  is 

GD 

•—.    And  this  force  being  i,  the  force  at  L  is  alfo  i.    There- 
fore 
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GD  ' 
F  i<^"   Fore  the  power  ae  D  to  the  force  at  L,  is  as  i  to  !   or 

^'  as  OH  to  GD.  Now  fince  the  maft  is  drained  by  the  power 
tallina  on  the  Tails,  therefore  by  this  power  Of/,  the  chariot 
is  urj^ed  backward.  And  by  the  force  at  L  which  is  GD,  it 
is  iiraed  forward.  Let  R  be  the  force  of  the  wind  upon  the 
body  of  the  chariot,  together  with  the  fridion  in  moving. 
Therefore  if  GD  is  greater  than  the  radius  OII+Ry  the  cha- 
riot will  move  forward  againflr  the  wind  i  if  lels,  backward. 
But  if  they  be  equal,  it  will  ftand  ftill. 

Ex.   XXX. 

211  FG  a  chariot  or  waggon  to  fail  againft  the  wind.  S  the  fails 
of  a  windmill,  turning  in  the  order  i,  2,  3.  As  the  fails  go 
round,  the  pinion  A  moves  B,  and  the  trundle  C  moves  Z), 
v^hich  has  both  teeth  and  cogs.  D  by  its  teeth  moves  E  -,  and 
the  trundle  E  fixt  to  the  axle-tree  carries  round  the  wheels  //,  /, 
which  move  the  v^aggon,  in  diredion  HG. 

The  fails  are  let  at  an  angle  of  45%  io  the  force  to  turn 
them,  and  the  force  in  diredion  of  the  axis,  will  be  equal. 
This  waggon  will  always  go  againll  the  wind,  provided  you 
give  the  fails  power  enough,  by  the  combinanon  of  the  wheels. 
But  then  her  motion  will  be  fo  much  flower. 

t:x.  xxxl 

215.  Let  y^5  be  part  of  a  r^;/)^,  cd,  cd,  &c.  the  particular  flrands 
running  about  in  a  fpiral  manner.  Let  FH  be  the  axis  of  the 
rope,  the  angle  GFH  or  HFK  the  obliquity  of  the  ftrands. 
I)v2w  KH,  GH  parallel  to  FG,  FK,  and  draw  G£7C  Then 
the  tenfion  of  the  rope  in  direction  HF,  is  to  the  ftrefs  on  all 
the  ft  rands  in  direilion  FG  -,  as  FH  to  FG-{-FK  or  FG->rGH, 
that  is,  as  EF  to  FG.  Therefore  the  abfolute  force  by  which 
the  rope  is  ftretched,  is  to  the  ftrain  or  flrefs  upon  all  the 
ftrands,  or  upon  the  twifted  rope;  as  FE  is  to  FG  \  and  fo  is 
th«  length  of  any  part  of  the  rope,  to  the  correfpondent  length 
of  a  ftrand. 

Hence  rcpes  the  leaft  twifted  are  ftrongeft  and  bear  the  moft 
weight  •,  and  the  harder  they  are  twifted  the  fooner  they  will 
break.  And  for  the  fame  reafon  if  they  be  double  twifted, 
they  will  be  weaker  ftill.  But  as  it  is  very  difficult  to  make 
all  the  fibres  pull  equally  without  twifting,  and  impollible  to 
make  a  rope  hold  together  without  it.   Therefore  it  is  neceflary. 

It 
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it  have  as  much,  as  to  prevent  the  fibres  from  drawing  out  i  f  i  c. 
and  a  fmall  degree  will  not  much  impair  its  ftrength.     A  rope   21"?. 
confifting  of  feveral  flrands,  is  thicker' when  twifted,  than  when 
untwifted, 

Ex.  XXXII. 

JBC  zfyphon  or  crane.  If  the  (horter  end  JB  be  immerfed  216. 
in  a  veflel  of  water  y/D,  then  by  applying  the  mouth  to  the 
end  C,  and  fucking  till  the  water  comes,  it  will  continue  to 
flow  out  at  the  end  C,  as  long  as  that  end  is  lower  than  the  fur- 
face  of  the  water  at  D.  If  there  be  a  mouth-piece  at  E,  then 
fucking  at  E  (whilfl:  the  end  C  is  ftopt  with  the  finger)  will 
make  the  water  flow,  when  the  finger  is  taken  off.  And  when 
the  water  is  begun  to  flow,  the  hole  at  E  fhould  be  fl:opc  up, 
or  elfe  the  water  will  flow  no  longer,  than  till  the  furface  at  D 
be  as  low  as  E. 

The  reafon  of  its  flowing  is  this :  the  perpendicular  height 
of  the  column  of  water  BC  being  greater  than  that  of  BD ; 
the  preflure  at  C  is  greater  than  at  D  ;  and  the  prefllire  of  the 
atmofphere  being  the  fame  at  D  and  C  ;  therefore  the  greater 
weight  at  Cwill  make  it  flow  out  there-,  whilfl:  the  preflure  of 
the  atmofphere  at  D  forces  more  water  up  the  tube  DB  -,  and  fo 
keeps  it  continually  running  as  long  as  there  is  any  water,  and 
the  end  C  continues  lower  than  the  furface  at  D.  But  if  C  is 
higher  than  D,  the  water  will  return  back  into  BD.  But  if 
the  height  DB  exceed  the  preflfure  of  the  atmofphere,  which  is 
30  or  32  feet;  then  it  cannot  be  made  to  flow  out  at  the  end 
C ;  or  if  there  be  a  hole  in  the  fyphon  higher  than  the  furface 
at  D,  the  air  will  get  in,  and  the  water  will  return  through 
BD.  Or  if  the  fyphon  be  very  wide,  the  air  will  infinuate  it- 
felf  into  the  end  C,  between  the  water  and  the  tube,  which  will 
hinder  it  from  running.  To  prevent  which  the  end  C  may  be 
immerfed  into  another  veflfel  of  water,  lower  than  the  furface 
at  D.  If  the  ends  of  the  fyphon  be  turned  up,  as  F,  G,  then 
the  water  will  remain  in  the  fyphon,  after  it  has  done  working, 
which  in  the  other  will  all  run  out. 

Ex.   XXXIII. 

CDLF  a  vefl*el  of  water  ;  AB  a  tube  open  at  both  ends,  and   217. 
about  ;  inth  diameter.    AE  a  quantity  of  mercury  put  into  the 
tube.     Then  flopping  the  end  B,  let  the  other  end  J  be  im- 
mer(ed  deep  enough  in  the  water.     Then  opening  the  end  5, 
the  mercury  will  fink  fo  deep   in  the  tube,  till  the  height  of 
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^J    the  water  AB  be  14  rimes  the  height  of  the  mercury  yf£;  and 
^^'   tr.en  ihe  mercury  will  be  at  reft. 

For  the  i"p  citic  gravities  of  wat'^r  and  mercury  being  i  and 
14,  the  column  of  water  /JB  will  be  equal  in  weight  with  the 
col'.)mn  o[  mercury  JE.  Therefore  the  preffures  at  z^  being 
equal,  they  will  luftain  one  another. 

Ex.   XXXI V. 

218,  y'l,  B->  are  tvjo  barometers  y  ed  is  a  tube,  its  bore  7  or  f  inch 
diameter,  at  kail,  clofe  at  top,  and  communicating  with  the 
velTel  C,  with  mercury  in  it.  C  is  open  to  the  external  air. 
The  ufe  of  this  inllrument  is  to  fhew  the  weight  of  the  atmo- 
fphere,  and  its  variations.  This  tube  and  veflel  with  mercury, 
is  put  into  a  frame,  and  hung  perpendicular.  Near  the  top  of 
the  tube  is  placed  a  fcale  of  inches,  by  which  the  height  of  the 
mercury  in  the  tube  is  known,  and  likewife  a  fcale  for  the 
weather.  At  the  top  of  the  tube  above  the  mercury  is  a  vacu- 
um. Now  the  atmofphere  preffing  upon  the  furface  of  the 
mercury  at  C,  keeps  the  mercury  fufpended  at  the  height  d  m 
the  tube,  which  therefore  will  be  higher  or  lower  according  to 
the  weight  of  the  atmofphere.  The  height  of  the  mercury  in 
the  tube  is  generally  28,  29,  or  30  inches  j  feldom  more.  If 
any  air  get  into  the  tube  it  fpoils  the  machine.  Left  the 
quickfilver  ftick  to  the  glafs,  it  is  good  to  drum  a  little  with 
the  fingers  upon  it,  in  making  any  obiervation. 

Rules  for  ohfervation  of  the  weather. 

1.  The  rifmg  of  the  mercury  prefages  fair  weather.  It  rifes 
and  ftands  higheft  in  ferene,  funfhiny,  droughty  weather  :  and 
in  calm  frolly  weather  it  generally  ftands  high.  In  thick  foggy 
weather  it  often  riles. 

2.  The  falling  of  the  mercury  denotes  foul  v/eather.  It  ge- 
nerally falls  or  ftands  low,   in  rainy,  windy,  or  fnowy  weather. 

^.  In  y/indy  weather  the  mercury  fmks  loweft  of  all  j  and 
rifes  faft  after  ftorms  of  wind. 

4.  In  very  hoc  weather  the  falling  of  the  mercury  forcftiews 
thunder. 

5.  In  winter,  the  rifing  foretels  froft  ;  and  falling  in  frofty 
weather  foretels  thaw. 

6.  In  continual  froft,  the  rifing  prefages  fnow.  Ac  other 
times,  it  generally  falls  in  fnowy  weather. 

6 
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7.  When  the  mercury  rifes  after  rain,  expeft  fettled  fcrenity  ;  f  i  g. 
if  it  defcends  after  rain,  exped  broken  fhowery  weather.  218^* 

8.  When  foul  weather  happens  foon  after  the  falling  of  the 
mercury,  or  fair  weather  after  its  rifmg,  exped  but  little  of  it. 

9.  In  foul  weather,  rifing  faft  and  high,  and  continuino-  fo 
2  or  3  days,  before  the  foul  weather  be  quite  over,  expedt  a 
continuance  of  fair  weather  to  follow. 

10.  In  fair  weather  falling  fafl  and  low,  and  continuincr  2 
or  3  days  before  the  rain  comes,  expedt  a  great  deal  of  wer, 
and  probably  high  winds. 

11.  Unfettled  motion  of  the  mercury  denotes  unfettled  wea- 
ther. 

12.  The  greateO:  height  of  the  mercury  is  upon  eafterly  and 
northeafterly  winds. 

13.  The  alterations  are  greater  in  northerly  parts,  than  in 
the  more  foutherly  j  and  there  is  little  or  no  variation  within 
the  tropics. 

Ex.  XXXV. 

ABE  is  an  artificial  fountain.  A  is  an  open  vefTel,  B  a  clofe  219* 
one  -,  E  may  be  made  dole  by  flopping  the  hole  C\  thefe  veficls 
all  communicate  by  the  tubes  F,  G.  The  tube  F  reaches  near 
the  topof£,  and  the  tube  G  near  the  bottom  of  B.  Pour 
water  into  C  almoft  to  the  top  of  the  pipe  F ;  and  ftop  the 
hole  C.  Then  pour  water  into  A  which  will  run  down  into  B, 
Then  open  the  cock  Z>,  and  the  water  will  fpout  up  to  the 
height  of  AB  above  D.  For  the  air  in  5,  F,  E  is  condenfed 
by  the  weight  of  the  column  of  water  AB  ;  and  its  prelTure  on 
the  water  in  C,  is  equal  to  the  weight  of  that  column  ;  and  will 
therefore  make  the  water  fpout  to  that  height  above  the  water 
in  C,  nearly.     But  the  pipe  leading  to  D  muft  be  turned  curve. 

Ex.   XXXVI. 

AB  is  a  dart  or  an  arrow,  at  y/,  3  or  4  feathers  are  placed  220, 
nearly  in  planes  pafllng  through  the  arrow.  If  the  feathers 
were  exadly  in  this  plane,  the  air  could  not  ftrike  agamll  the 
feathers,  when  the  arrow  is  in  motion.  But  fince  they  are  not 
fet  perfedlly  (Irait,  but  always  a  little  aflant  j  whilil  the  airovv 
moves  forward,  the  air  (trikes  the  flant  fides  of  the  teath-rs ; 
by  which  torce  the  feathers  are  turned  round,  and  with  the 
feathers  the  arrow  or  reed.  So  there  is  generated  a  motion 
about  the  axis  of  the  arrow  ;  which  motion  will  be  fwifter  as 
they  (land  more  aQant.     This  motion  is  like  the  motion  of  the 
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P  J  G.   I'ails  and  axle  of  a  wii.dmill,  turned  round  by  the  wind.     The 
2  20.    ^^^^  B  is  made  of  lead  or  iron,  and  will  therefore  go  foremoft 
in  the  air  ;  and  the  feathered  end  A  the  hindmoft,  as  being 
lighter.     An  arrow  will  fly  about  60  yards  in  a  fecond. 

Ex.   XXXVII. 

221.  j^B  is  a  vtflel  which  keeps  its  liquor  till  filled  to  a  certain 
height  ;  and  if  filled  higher,  lets  it  all  run  out.  EFG  is  a 
crocked  pipe,  or  crane  open  at  both  ends.  If  water  be  poured 
into  the  veffcl,  it  will  continue  in  it  till  it  riles  above  F,  and 
afcend  to  the  fame  height  in  the  pipe  EF.  But  rifing  above  F, 
the  prelTure  at  E  will  make  it  run  out  through  the  pipe  EFG, 
till  the  furface  of  the  fluid  dcfcends  as  low  as  E.  This  is  fome- 
times  called  Tantalus's  cup.  The  funnel  EFG  may  be  put  in 
the  handle  of  this  cup,  which  will  look  neater. 

Ex.  XXXVIII. 

222.  -SC",  CG  are  two  hones  of  an  animal,  moveable  about  the 
joint  FK,  by  help  of  the  mufcle  KD.  The  joints  of  animals 
are  either  fpherical  or  circular,  and  the  cavity  they  move  in  is 
accordingly  either  fpherical  or  circular.  And  the  center  of  mo- 
tion is  in  the  center  of  the  fphere  or  circle,  as  at  C.  Let  IV 
be  a  weight  hanging  at  5,  and  draw  CP,  CK  perpendicular 
to  j5^,  KD.  Then  if  the  weight  PF  be  fufpended  by  the 
ftrength  of  the  mufcle  KD,  it  will  be  iS  CK  :  PC  ::  fV :  ten- 
fion  of  the  mufcle  KD. 

The  bone  BC  is  moved  about  the  joint  FK,  by  the  ftrength 
of  the  mufcle  KD.  For  when  the  mufcle  is  contrafbed,  the 
point  K  is  moved  towards  D  ;  and  the  end  B  towards  £,  about 
the  immoveable  center  of  motion  C.  The  ftrength  of  the  muf- 
cles  is  furprizingly  great. 

Borelli  (in  his  Book,  de  Motu  AnimaVmm,  Part  I.  Prop.  XXII.) 
computes  the  force  of  the  mufcles  to  bend  the  arm  at  the  elbow  -, 
and  fays,  a  ftrong  young  fellow  can  fuftain  at  arms  end  a 
weight  of  28  lb.  taking  in  the  weight  of  the  arm.  And  he 
finds  the  length  of  CB  to  CK  to  be  in  a  greater  proportion  than 
that  of  20  to  1.  Whence  he  infers  the  ftrength  of  thefe  muf- 
cles to  be  fo  great,  as  to  bear  a  ftretch  at  leaft  of  560  lb. 

It  is  evident  that  all  animal  bodies  are  machines.     For  what 

are  the  bones  but  leavers,  moved  by  a  certain  power  placed  in 

the  mufcles,  which  ad  as  fo  many  ropes,  pulling  at  the  bones, 

and  moving  them  about  the  joints  ?    Every  joint  reprefenting 

I  'the 
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the  fulcrum  or  center  of  motion.  What  are  all  the  veffels  but  ^  j  ^ 
tubes  which  contain  fluids  of  different  forts,  deftined  for  the  222* 
ufe  or  motion  of  the  feveral  parts  of  the  machine  ?  And  which 
by  opening  or  (hutting  certain  valves,  let  out  or  retain  their 
contents  as  occafion  requires  ;  or  convey  them  to  diftant  places, 
by  other  tubes  communicating  therewith.  And  therefore  all 
thefe  motions  of  an  animal  body  are  fubjecfb  to  the  general  laws 
of  mechanics. 

Ex.   XXXIX. 

The  motion  of  z  man^  walking,  running,  i^c.  willeafily  be  222. 
accounted  for.  Let  us  firft  fuppofe  a  man  fitting  in  a  chair  ; 
he  cannot  rile  from  his  feat,  till  by  thrufting  his  head  and  body 
forward,  and  his  feet  and  legs  backward,  the  line  of  dircdion, 
or  the  perpendicular  from  the  center  of  gravity,  pafs  through 
his  feet,  as  the  bafe.  Likewife  when  we  Hand  upon  our  feet, 
the  line  of  direftion  muft  fall  between  our  feet ;  otherwife  we 
cannot  ftand,  but  mult  fall  down  towards  the  fide  the  center  of 
gravity  lies  on.  And  when  a  man  (lands  firm  upon  his  ittx^ 
his  legs  make  an  ifoceles  triangle,  the  center  of  gravity  lying 
between  them.  And  then  he  is  not  fupported  by  the  Itrength 
of  the  mufcles,  but  by  the  bones  of  the  legs  and  thighs,  which 
then  (land  in  a  right  line  with  one  another. 

When  a  man  AC  endeavours  to  walk,  he  firft  extends  his 
hindmoft  leg  and  foot.S  almoft  to  a  right  line,  and  at  the  fame 
time  bends  a  little  the  knee  //  of  his  foreleg.  Thus  his  hind 
leg  is  lengthened,  and  his  fore-leg  fhortened  5  by  this  means 
his  body  is  moved  forward,  till  the  center  of  gravity  F  fa!ls 
beyond  the  fore-fcot  B  ;  and  then  being  ready  to  fall,  he  pre- 
fently  prevents  it,  by  taking  up  the  hind-foot,  and  by  bending 
the  joints  of  the  hyp,  knee,  and  ancle,  and  fuddenly  tranflating 
it  forward  to  T,  beyond  the  center  of  gravity  :  and  thus  he 
gains  a  new  ftation.  After  the  fame  manner  by  extending  the 
foot  and  leg  HB,  and  thrufting  forward  the  center  of  gravity 
beyond  the  foot  5,  and  then  tranflating  the  foot  B  forward, 
he  gains  a  third  ftation.  And  thus  is  walking  continued  at 
pleafure. 

His  two  feet  do  not  go  in  one  right  line,  but  in  two  lines 
parallel  to  one  another.  Therefore  a  man  walking  has  a  libra- 
tory  motion  from  one  fide  to  the  other  -,  and  it  is  not  polfible  to 
walk  in  a  right  line. 

Walking  on  plain  ground  is  eafy,  pleafant,  and  performed 
with  little  labour.  But  in  going  up  hill  is  very  laborious,  by 
rcafon  of  the  great  flexure  of  the  joints  required  to  afcend,  and 

their 
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J  I  G     their  fiifFering  more  flrcfs  from  rhe  weight  o.'"  the  body  in  thac 
22^'    poluion.     Defcending  down  hill  is,  for'the  f  me  reiifon,   more 
*^'    laborious  than  walking  on  plam  ground,   but  noc  lo  bad  as  af- 
cending. 

The  walking  of  birds  is  pot  unlike  thac  of  men;  only  their 
weif^ht  is  intircly  iupported  by  the  ftrength  oi  the  nufcles-, 
fince  their  joints  are  always  bent.  Alio  their  feet  go  in  two 
parallel  lines. 

A  man  in  walking  always  fets  down  one  foot  before  the 
other  be  taken  up  :  and  therefore  at  every  (tcp  he  has  both  feet 
upon  the  ground.  But  in  running  he  never  fets  one  down  till 
the  other  be  up.  So  that  at  each  ftep  he  has  but  one  foot  upon 
the  grouno,  and  all  the  intermediate  time  none.  A  good 
footman  will  run  400  yards  in  a  minute. 

Ex.    XL. 

224.  When  a  z^^^/ (lands,  the  line  of  gravity  muft  fall  within 
the  quadrilateral  made  by  his  4  feet.  And  when  he  walks,  he 
has  always  3  feet  on  the  grou.id  and  one  up.  Suppi-lc  he  firft 
takes  up  the  hind  foot  C.  Before  he  does  this,  by  extending 
his  leg  backwards,  he  thrufts  fo'  ward  his  body  and  the  center 
of  gravity,  then  taking  up  the  toot  C  he  moves  it  forward  to 
F.  Then  he  immediately  takes  up  the  fore  foot  B  on  the  fame 
fide,  and  carries  it  to  //j  then  he  takes  up  the  hind  foot  Z>, 
and  tranflates  it  forward  j  and  then  the  fore-foot  at  J ;  then  F 
again,  and  fo  on. 

When  he  trots,  he  takes  up  tv/o  together,  and  fets  down  two 
Together,  diagonally  oppofite. 

When  he  gallops,  he  takes  up  his  feet  one  by  one,  and  fets 
them  down  one  by  one  •,  though  fome  animals  ftrike  with  the 
two  fore  feet  nearly  at  once,  and  the  two  hind  feet  near  ac 
once  •,  and  have  not  above  tw  >  feet  on  the  ground  at  once.  A 
good  horfc  will  run  half  a  mile  in  a  minute. 

Animals  with  fix  or  more  feet,  take  up  the  hindmofl:  firft  ; 
then  the  next,  and  then  the  next  in  order,  to  the  foremoft,  all 
on  one  fide  ;  and  after  that,  all  the  feet  on  the  other  fide  in  the 
fame  order,  beginning  at  the  laft.  I^  they  .were  to  take  up 
the  foremofl  firft,  the  animals  would  move  backward, 

Ex.   XLI. 
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22^,       '^D  is  a  hird  flying  in  the  air,   by  help  of  the  wings  F,  T  $ 
and  the  tail  C.     The  ftrudlure  of  their  wings  are  fuch,  that  in 
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ftriking  downward,  they  expand  to  their  greateft  breadth,  and  y  j  ^ 
become  almoft  two  planes,  being  fomething  hollow  on  the  un-  22^.* 
der  fide.  And  thefe  planes  are  not  then  horizontal,  but  inclinrd, 
ib  that  the  back  part  K  is  higher  than  the  fore  part  DFG.  But 
in  moving  the  wings  upward,  to  fetch  a  new  ftroke,  they  go 
with  the  edge  DFG  foremoft,  and  the  wings  contrad:  and  be- 
come hollow.  Their  bodies  are  fpecifically  lighter  than  men 
or  beafts.  Their  bones  and  feathers  are  extremely  porous, 
hollow,  and  light.  The  mufcles,  by  which  their  wings  are 
moved  downwards,  are  exceeding  large,  being  not  lefs  than  a 
fixth  part  of  the  weight  of  the  whole  body.  When  a  bird  is 
upon  the  ground  and  intends  to  fly,  he  takes  a  large  leap  ; 
and  ftretching  his  wings  right  from  his  body,  he  ftrikes  them 
downwards  with  great  force,  by  which  they  are  put  into  an 
oblique  pofuion  •,  and  the  refiftance  of  the  air  ading  ftrongly 
againft  them  by  the  ftroke,  impels  them,  and  the  bird,  in  a 
direction  perpendicular  to  their  planes :  which  is  in  an  oblique 
direction,  or  partly  upwards,  and  partly  horizontally  forward  : 
the  part  of  the  force  tending  upwards  is  deftroyed  by  the  weight 
of  the  bird  •,  the  horizontal  force  ferves  to  carry  him  forward. 
The  ftroke  being  over,  he  miOves  his  wings  upwards,  v/hich  be- 
ing contrafled,  and  turning  their  edges  upward,  they  cut  through 
the  air  without  any  refiftance,  and  being  fufficiently  elevated, 
he  takes  a  fecond  ftroke  downwards,  and  the  impulfe  of  the 
air  moves  him  forwards,  as  before.  And  fo  from  one  ftroke 
to  another,  which  are  only  like  fo  many  leaps  taken  in  the  air. 
When  he  has  a  mind  to  turn  to  the  right  or  left,  he  ftrikes 
ftrongly  with  the  oppofite  wing,  which  impels  him  to  the  con- 
trary fide.  The  tail  ads  like  the  rudder  of  a  fliip,  except 
only  that  it  moves  them  upwards  or  downwards  inftead  of  fide- 
ways  j  becaufe  its  plane  is  horizontal.  If  a  bird  wants  to  rife, 
he  puts  his  tail  in  the  pofition  LH  \  or  if  he  would  fall,  inra 
the  pofition  L/.  Whilft  it  is  in  the  horizontal  pofition  /.C, 
it  keeps  him  fteady.  A  bird  can  by  fpreading  his' winger  con- 
tinue to  move  horizontally  for  fome  time,  without  ftriking. 
For  having  acquired  a  fufficient  velocity,  by  keeping  his  wings 
paral'trl  to  the  horizon,  they  meet  with  no  refiftance--,  and  when 
he  begins  to  fall  by  his  weight,  he  can  ealiiy  fteer  himfelt-'  U()- 
ward  by  his  tail ;  till  his  motion  be  almoft  fpenr,  and'  th'-n  he 
muft  renew  it  by  two  or  three  more  ftrokes  of^  his  wings  Whea 
he  alights,  he  expands  his  wings  and  rail  full'  againft  thr  air, 
that  they  may  meet  with  all  the  refiftance  pofilblc.  The  center 
of  gravity  of  a  bird  is  fomething  behind  the  wings ;  lo  rcnvdy 
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J. ,  c^  which,  they  thruft  out  their  head  and   neck,  in  flying;  which 
^2r'  carries  the  center  of  gravity  more  forward. 

It  is  impolTible  that  ever  men  can  fly  by  the  fl:rength  of  their 
arms.  For  their  pectoral  mufcles  are  vaftly  too  weak  to  fup- 
port  fuch  a  weight.  For  in  a  man  they  are  not  the  6oth  part 
of  the  reft  of  the  mufcles  of  the  body  :  but  in  a  bird  they  are 
more  than  all  the  others  put  together. 

Some  birds  will  fly  looo  yards  in  a  minute. 

Ex.    XLII. 

5  AB  is  zjiflo  fwimming;  which  he  does  by  help  of  his  fins 
and  tail.  A  fifli  is  nearly  of  the  fame  fpecific  gravity  as  water ; 
and  moft  fifh  have  a  bladder  />,  which  they  can  expand  or  con- 
traft,  and  fo  make  themfelves  lighter  or  heavier  than  water, 
in  order  to  rife  or  fall  in  it.  '  The  m.ufcular  force  by  which 
the  tail  is  moved  is  very  great.  The  direct  motion  of  a  fiOi 
is  by  means  of  his  tail  BCDi  moving  from  one  ^\dt  to  the  other, 
with  a  vibrating  motion,  which  he  performs  thus.  Suppofe 
his  tail  in  the  pofition  FG^  being  about  to  move  it  fucceflively 
to  //,  /and  K  \  he  turns  the  end  G oblique  to  the  water,  which 
being  moved  fwiftly  through  it  in  that  pofition,  the  refiftance 
of  the  water  a6ts  obliquely  againft  his  tail,  and  moves  him  partly 
forward  and  partly  laterally.  The  lateral  motion  is  corrected 
the  next  ftroke  the  contrary  way  ;  but  the  progrefllve  motion 
is  continued  always  forward.  When  his  tail  is  arrived  at  K, 
he  turns  its  obliquity  the  contrary  way,  that  in  moving  back 
to  G,  it  may  fl:rike  the  water  in  the  fame  manner  as  before. 
And  thus  he  makes  one  ftroke  after  another,  and  moves  for- 
ward thereby  as  far  as  he  pleafes.  The  oblique  pofition  of  his 
tail,  is  moftly  owing  to  the  elafliicity  of  his  tail,  which  by  bend- 
ing, is  put  into  that  form  by  the  refiftance  of  the  water.  They 
can  exert  a  very  great  force  with  their  tail  •,  and  which  is  ne- 
ceflary,  to  overcome  the  refiftance  which  their  bodies  meet  with 
in  the  water.  By  help  of  the  tail  they  alfo  turn  to  one  fide, 
by  flriking  ftrongly  with  it  on  that  fide,  and  keeping  it  bent, 
which  then  a(5bs  like  the  rudder  of  a  fhip.  The  fins  of  a  filli 
ferve  to  keep  him  upright,  efpecially  the  belly-fins  £,  which 
ad  like  two  feet;  without  them  he  would  fwioi  with  his  belly 
up  ;  for  his  center  of  gravity  lies  near  his  back.  His  fins  alfo 
help  him  to  afcend  or  defcend,  by  expanding  or  contra6ling 
them,  as  he  can  with  pleafure,  and  fo  putting  them  in  a  pro- 
per pofition.  His  tail  will  alio  help  him  to  rile  and  fall,  by 
inclining  it  obliquely,  and  turning  it  a  little  from  an  erc<5t  pofi- 
tion. 
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tion,  to  one  fide.     Fifli  can  fwim  but  flow,  yet  fomc  of  them   p  i  q^ 
will  fwim  70  or  80  yards  in  a  minute  ;  but  they  loon  tire.  226. 

Brutes  can  fwim  naturally,  for  they  are  fpecifically  lighter 
than  water  ;  and  require  to  have  but  a  fmall  part  of  their  head 
out,  for  breathing.  Alfo  they  naturally  ufe  their  legs  in  fwim- 
ming,  after  the  fame  manner  as  they  do  when  walking. 

Birds  fwim  very  eafily,  being  much  lighter  than  water  ;  and 
readily  move  themfelves  along  with  their  web  feet. 

Men  cannot  fwim  naturally,  though  they  are  fpecifically  lighter 
than  water.  For  their  heads  are  very  large,  and  requirr  to  be 
almoft  al!  out  of  the  water  for  brearhing.  And  their  way  of 
ftrikin^y  has  no  relation  to  that  of  walking.  Men  attain  the 
art  of  fwimming  by  pra6tice  and  induftry.  And  this  art  coa- 
fifts  in  ftriking  alternately  with  the  hands  and  feet  in  the  water, 
which  lil^e  oars  will  row  him  forward.  When  he  ftrikes  with 
his  hands,  he  neither  keeps  the  palms  paralk^l  nor  perpendicu- 
lar to  the  horizon,  but  inclined.  And  his  hands  ftriking  the 
water  obliquely,  the  refiftance  of  the  water  moveshim  partly 
upward,  and  partly  forward.  Whilft  his  hands  are  ftriking,  he 
gradually  draws  up  his  feet ;  and  when  the  ftroke  of  his  arms 
is  over,  he  ftrikes  with  his  feet,  by  extending  his  legs,  and 
thrufting  the  foles  of  his  feet  full  againft  the  water.  And 
while  he  ftrikes  with  his  legs,  he  brings  about  his  arms  for  a 
new  ftroke,  and  fo  on  alternately.  He  muft  keep  his  body  a 
little  oblique,  that  he  may  more  eafily  cred  his  head,  and  keep 
his  mouth  above  water. 

After  the  fame  manner  may  the  motions,  velocities,  powers, 
and  properties  of  any  machine  be  explained  and  accounted  for, 
by  mechanical  principles.  I  ftiall  proceed  to  lay  down  a  (horc 
defcription  of  feveral  other  machines,  without  being  fo  particu- 
lar in  the  calculation  of  their  powers  and  forces.  The  mecha- 
nifm  of  which  being  underftood,  will  afTift  the  invention  of  the 
pradlical  mechanic,  in  contriving  a  machine  for  any  ufe. 

Ex.   XLIII. 

JB  a  machine  to  raife  a  weight,  and  ftay  it  in  any  pofitlon.  227. 
CD  a  roller  turned  by  the  handle  E.  To  the  roller  is  fixed  the 
racket  wheel  F.  GH  is  a  catch  made  of  metal,  moveable  about 
//,  and  forked  at  the  end  G,  where  it  falls  into  the  teeth  of  the 
wheel  F.  As  the  roller  is  turned,  the  weight  is  railed  by  the 
rope  IKL.  And  the  catch  G,  Aides  freely  over  the  teeth  of  the 
wheel,  till  the  machine  is  ftoppcd,  and  then  the  catch  G  falling 

E  c  in 
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in  between  the  teeth,  keeps  the  wheel  fixed  there,  that  it  ca-n-- 

*"  ^  °'   not  turn  back  again  with  the  weight. 
227.  ^ 

Ex.   XLIV. 

c  KI  is  a  machine  to  raife  or  deprefs  the  leaver  G/7,  moveabk 
about  an  axis  at  //,  and  to  keep  it  at  any  pofition  :  bf  a  ftring 
fixed  at/  and  n,  and  going  in  the  order  ahcdef^  through  the  holes. 
^,  f,  i,  f,  of  the  runner  iiC,  which  being  put  up  or  down,  raifea 
or  lowers  the  beam  G//,  at  pleaiure.  And  n^ore  or  fewer  holes- 
may  be  made  in  the  piece  7A',  as  occafion  requires, 

Ex.   XLV. 

,.,Q  CD  another  machine  to  (lay  a  weight  in  any  pofition.  This 
""  is  only  a  cylinder  of  wood,  upon  which  is  cue  a  channel  for  the 
rope  to  go  in.  If  the  weight  B  be  lifted  up,  and  A  pulled  down, 
then  B  will  remain  in  any  given  pofition,  by  the  fridion  of  the- 
cylinder  and  rope.  And  there  may  be  taken  as  many  turns  of 
the  rope  about  the  cylinder,  as  there  is  occafion  for. 

Ex.   XLVI. 

:23c.  C  is  a  clock  weight  carrying  the  two  wheels  A  and  E.  D 
the  counterpoife.  F  a  pulley.  ADBFA  an  cndlefs  cord. 
When  the  weight  is  down,  draw  the  cord  G,  till  the  weight  C 
rife  to  the  top  ;  then  the  catch  e  keeps  the  wheel  Airom  turning 
backwards.     This  may   be  ferviceable  for  other  ufes,  befides 


2^'I. 


moving  a  clock. 


Ex.    XLVir. 


ADB  a  machine  for  reckoning  the  number  of  ftrokes  or  viv 
brations  made.  DH  is  a  wheel  moving  about  a  fixed  axis,  up- 
on the  neck  of  which  axis  goes  a  brafs  fpring  Z,  t  >  keep  the 
wheel  from  fhaking.  AB  a  piece  of  wood  or  metal,  cut  away 
between  I  and  K  to  receive  the  wheel.  The  plane  of  the  piece 
AJKB  is  perpendicular  to  the  plane  of  the  wheel.  FG  are  tw6 
ftaples,  to  guide  the  motion  of  the  piece  AB  back  and  forward. 
When  the  piece  AB  is  moved  from  yf  towards  5,  the  edge  at  / 
catches  the  tno:h  G,  and  Aiding  along  the  eds^e,  moves  the 
wheel  about  in  diredion  CZ)  •,  this  brings  the  tooth  E  to 
the  edge  K.  And  when  the  piece  AB  is  moved  back  from 
B  to  Ay  the  edge  at  K  fiiding  down  the  tooth  £,  moves  the 
S  wheel 
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wheel  from  E  towards  H \  which    brings  another  tooth  before   p  j  q 
the  edge  7-,  fo  that  at  every  motion  of  AB  back  and  forward,    ^x^' 
the   wheel  is  moved   the  breadth  of  one  tooth.     And   if  the 
teeth  be  numbered,  the  index  M  will  Ihew  when  the  wheel  has 
ma<3e  one  revolution. 

-1  Ex.  XLVIII. 

./f5£D  a  machine  moving  one  circle  within  another,  concen-  052. 
trical  to  it.  y^5C  represents  a  flat  ring  of  brafs  ;  and  abc  2.  ' 
fmaller  concentric  ring  lodged  in  a  circular  grove,  turned 
within  the  larger,  and  kept  'm  fhe  grove  by  three  fmall  pjares 
of  bralsvf,  5,  C,  fixed  to  the  outward  ring,  and  reaching  over 
the  edge  of  the  inner  one.  Upon  the  inner  rihg  is  fixed  a  con- 
centrie  irch  of  a  wheel  de,  having  teeth  in  it,  which  are  driven 
round  by  the  threads  of  an  endlels  fcrew  DJ^,  turning;  in  a  collar 
at  E,  and  upon  a  point  at  F^  both  fixed  to  the  outward  ring. 
By  this  mechanifm,  any  point  of  the  circle  ah^  may  be  fee  to  a 
given  point  of  the  circle  JBF^  by  turning  the  fcrew  DEF.  ■  '..^ 

Ex.   XLIX. 

ABE  is  a  ^rane  (or  hoifting  goods  up.  AF'is  a  double  wheel'*  222. 
within  which  a  man  A  walks,  and  by  his  weight  raifcs  the  weight 
IV,  by  help  of  the  rope  FBEJV.  which  goes  round  the  axis  of 
the  wheel  at  F.  At  D  are  two  pullirs,  one  vertical,  and  one 
horizontai  j  the  vertical  pulley  facilitates  the  motion  of  the  rope 
in  hoiftingthe  weight-,  and  the  horizontal  one  ferves  for  the 
rope  to  run  on,  when  the  crane  CDE  and  weight  ^-^are  drawn 
afide,  by  the  rope  G//,  in  order  co  be  lowered.  CDE  moves 
about  the  axis  BC  At  E  is  anoti  er  pulley,  for  the  rope  to 
run  on.  If  the  rope  FBEI  go  about  a  puiJey  at  /,  and  be  fixed 
with  its  end  at  £,  the  crane  will  lift  twice  the  weight. 

Ex.  L. 

AB  ^failing  chariot.  This  is  driven  by  the  wind,  by  help  of  234. 
the  fails  C,  D  R  is  the  rudder.  The  wheels  muft  be  let  at 
a  greater  diftance,  or  the  axle  tree  made  longer,  than  in  com- 
mon chariots,  to  prevent  overturnir  g.  Sailing  chario'is  are  pro- 
per tor  large  planes  and  champagne  countries  j  and  arc  laid  to 
be  frequent  in  China. 

E  e  2  Ex. 
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DESCRIPTION    OF 
Ex.  LI. 


BE  is  zfmoak  jack.     AB  is  a  horizontal  wheel,  wherein  the 
'   wiiT^s  or  fails  are  inclined  to  the  horizon.  The  fmoak  orrarified. 
air  moving  up  the  chimney  at  5,  itrikes  thefe  fails,  which  being 
oblique,  arc  therefore  moved  about  the  axis  of  the  wheel,  toge- 
ther with  the   pinion   C,  of  6  leaves.     C  carries  the  toothed 
wheel  D  of  120  teeth,  all  thefe  are  of  iron.  £a  wooden  wheel  4  or 
5  inches  diameter;  this  carries  the  chain  or  rope  F,  which  turns 
the  fpit.    The  wheel  AB  muft  be  placed  in  the  Arait  part  of  the; 
chimney,  where  the  motion  of  the  air  is  fwifteft ;  and  that  the 
orcateft  part  of  it  may  ftrikc  upon  the  fails.     The  force  of  thisj 
machine  is  fo  much  greater,  as  the  fire  is  greater.     The  fails  B: 
are  of  tin,  6  or  8  in  number,  placed  at  an  angle  of  547  degrees.- 

Ex.  LII. 

2>6.  An  engine  to  make  a  hammer  Jlrike.  W  the  water  wheel,  7 
or  8  yards  diameter.  D,  D,  the  floats.  BC  the  axle,  3  or  4  feet 
diameter.  H  the  hammer  3  or  4  hundred  weight,  moveable 
about  the  axis  OP.  /, /^  four  coggs  in  the  axis,  lifting  up  the 
hammer  as  the  axis  goes  round,  that  it  may  fall  on  the  anvil  A, 
FG  a  beam  of  wood  adting  as  a  fpring,  to  give  the  greater  force- 
to  the  hammer.  MN  the  courfe  of  the  water  down  an  inclined 
plane.  Mthe  place  where  it  ifiues  out.  LM  the  perpendicu- 
lar height  of  the  water,  3  yards.  All  the  machine  except  the^: 
water  wheel  is  within  the  houfe. 
o->7.  A  hammer  may  alfo  be  made  to  ftrike  thus  -,  A  is  the  ham- 
"^  mer  moveable  about  the  point  C.  G  the  axle  of  a  water  wheel, 
in  which  axis  are  the  pins  F,  £,  &c.  As  the  wheel  and  axle  goes 
about  from  F  towards  £,  the  pins  F,  E  thruft  down  the  end  B, 
and  raife  the  end  A  of  the  hammer.  And  when  the  end  B 
goes  off  the  pin,  the  hammer  falls  upon  the  anvil  D. 

Ex.  LIII. 


.1 0 


8.  /  /a  crooked  axis  or  elbow  for  the  fuckers  of  pumps.  IK  the 
peftle  or  chain  of  the  fucker.  Upon  the  axis  is  the  lantern  FF,. 
which  is  turned  by  a  great  wheel,  carried  either  by  water,  or 
men  or  horfes.  The  peftles  IK  rife  and  fall  alternately,  as  the 
lantern  EF  goes  abcut  j  and  each  gives  one  ftroke  of  the  pump 
for  one  turn  of  the  lantern.  Place  pullifs  or  rolls  at  a,  l>,  c,  d, 
for  the  chain  IK  to  work  againft,  when  it  goes  out  of  its  perpen- 

diculaip 
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dicular  pofition ;  by  the  obliquity  of  the  motion  of  the  cranks   p 


/,  /. 


Ex.    LIV.  ^^' 


ABCD  a  particular  combination  o{ pullies.     7",  T",  T*  are  pofts   ^^o 
to  which  the  tackles  are  fixed.     S^  S,  *S  are  flays  to  Keep  them      ^ 
erc£t.     If  the  power  at  yf  b-  i,  that  at  5  is  3  i  at  C,  9  j  and  at 
D  27,'  where  the  weight  is  placed. 

Ex.    LV. 

J,  B  are  two  hellozvs  going  by  water,  and  blowing  alternately,  240. 
but  neither  of  them  with  a  continual  blaft  ;  tV  the  water  wheel. 
DE  the  direftion  of  the  water.  FG  the  axis  of  the  wheel  -,  a^a, 
&c.  4  cogs  of  wood  in  the  axis,  forcing  down  the  end  of  the 
bellows  J.  bh^  ^c  4  cogs  forcing  down  the  end  of  the  bel- 
lows B. '  LM,  NI  two  rods  of  iron  fattened  to  the  bellows  and 
to  the  leaver  MN,  and  moveable  about  the  pins  M,  N.  SP  a 
piece  of  timber  moveable  about  S  and  P.  OP  a  beam  fervino- 
for  a  Ipring,  lying  over  the  piece  of  timber  ^R.  As  the  wheel 
and  axle  turns  round,  a  cog  b  forces  down  the  end  of  the  bel- 
lows B,  and  makes  it  blow  -,  this  pulls  down  the  end  iV  and  raifes 
the  end  M  ui  the  leaver  MiV,  which  raifes  the  bellows  J.  And 
when  the  cog /^  goes  off,  the  bellows  B  ceafe  blowing;  and  a 
cog/?  forces  down  the  bellows  A,  and  makes  it  blow  •,  and  ac 
the  fame  time  raifes  the  bellows  B.  And  thus  the  cogs  <?,  b  al- 
ternately force  down  the  bellows  yf,  5,  and  make  them  blow  in 
their  turns.     H  is  the  hearth  or  fire. 

A  pair  of  bellows  may  be  moved  by  water  thus  ',  A  is  a  wa-  2  ir 
ter  wheel,  carried  by  the  water  at  PV.  CD  a  rod  of  iron  going 
on  the  crooked  axlc?-tree  of  the  wheel-,  DF  a.  leaver  moveable 
about  E.  FG  a  chain  going  to  the  bellows  B.  7  a  weight.  As 
the  wheel  goes  about,  the  ends  D  and  F  oi  the  leaver  Di%  rife 
and  fall ;  which  motion  raifes  the  bellows,  and  the  weight  /car- 
ries them  down  again. 

Ex.    LVI. 

AB  is  a  wheel  with  teeth,  and  a  rolki-  to  draw  up  any  weight. 
i7,  /:/,  H  the  handles,  which  may  be  wrought  by  two  or  three 
men. 

But  the  eafieft  and  fimplefl  rollers  for  common  ufe  are  fuch,   ^.^ 
as  Card  D.    In  thefe,  as  3olb.  is  the   weight  to   be  railed,  fo   ^^^ 

mult 
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36. 


245- 
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r  1  c/.   mull  the  radius  of  the  axle  be  to  the  l^|]^t,^  of  the  handle,  for^^ 

•^''  '  "k  man  to  work  it.  ^  .    \ 

c(S.  '     li  a  criven  weight  P  raTes-anothcr  weight  fV,  on  fuch  a  ma-^ 

chine  u^  fig.  30.  "^t  will  generate  the  greatc-il  motion  poffible  in 

a  (^iven  tiiTw;;  when  the<iiameter?^//.,-  if.f,  andvveight //^'.are  of 

"^  fuch  quanritits,  that  fVz±^~^j~,  or  when  RR^-iL—^i 

For  then  the  motion  will  be  greater,'.;han  if  any.oae.(/ij/;fj5,  orrr 
•  £F)  be  altered,  the  reft  remaining  the  fame. 

And  in  fuch  a  machine  as  fig.  3b  j.  the  greateft  motion  will  be 
eenerated  in  W\  if  you  make,  as  velocity  of  IV  \  velocity  of 
>  ::  as.>P  :  laWi      , 

Ex.  LVII.  ;l3  'A (3^ 

^.fjj  '  .    v    -;;■>  ''■    0:)  i:.  /i  :.i 

"An  eno;in^  Ky- drive  piles,  y^  the -rammer,  drawn.\up*  by  'thiSj,] 
rope  BCD  going  over  the  pulley  C.  VN,  dN  kivcral  f!i>aj,i,[ 
ropes  for  Icveral  men  to  pull  at.  M  the  pile.  JIF  a  brace  an.d,  » 
ladder  to  go  up.  The  rammer  J  is  bound  at  bottom  wirh  iroOyq 
jeaft  it  fplit.  And  has  two  tenants  on  the  backfide  to  keep  itJtV)t 
the  groves,  made  in  the  upright  puncheons  G,  H,  by  whi^h  it?. , 
motion  is  diredled.  The  rammc^r  is^  raifcd  to  the  top,  by  menr.r 
pulling  at  the, ropes  £)A^,  and  then  letting  go,  all  at  once,  ic^: 
falls  upjn  the  head  of  the  pile  M.  _         ... 

Old  piles  are  drawn  out,  by  (Iriking  gently  upon  their,  heads, 
whiUt  they  are  pulled  by  a  ftrong  rope  ilretched* 

Ex.   LVIII. 

2a6.       ^CL  a  pair  of  fmitFs  bellows.    AL,  BL,  <^^  are  three  boards,. , 
the  middle  board  BL  divides  the  internal  fpace  into  two  p.  rts.  , 
In  the  middle  board  is  a  valve  5  opening  into  the  upper  part;, 
and  in  the  loweft  board  is  another  valve  T  opening  into  the  un- 
der part,     The  pipe  P  communicates  only  with  the  upper  -ja- 
vity.     BE  a  leaver  moveable  about  the  axis  Gti.   At  /a  weight  • 
is  laid  upon  the  upper  board  to  make  it  fall.     The  bellows  is 
fixed  in  the  frame  A/A",  by  two  iron  pins,  which  are  faft  in  the 
middle  board.     And  the  pipe  P  lies  up<)n  the  hearth.     When 
the  end  E  is  pulled  down  by  the  rope  £F,  the  end  D  is  raifed, 
and  the  r  pe  or  chain  DR  raifes  the  lower  board  CL;  this  (huts- 
the  valve  ^  and  opens  5,  and  the  air  is  forced  into  the  upper, 
cavity,  which  raifcs  rhe  upper  board,  and  blows   through  the 
pipe  P.     And  when  E  is  railed,  the  boards  A  and  C  (.Idccnd^ 
and  the  valve  S  Ihuts,  and  T*  opens.    Ana  the  weight  /  for<  es 

the 
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the  air  (till  out  of  the  pipe,  whilil  more  air   enters   in  at  the  p  j  g. 

vaive  T  ;  which,   when  C  afcends,  is  forced  again  through  the  246. 
valve  6'  as  before.    And  thus  the  bellows  have  a  continual  blall. 

Ex.    LIX. 

An  engine  to  raife  water.  LMOI  a  great  horizontal  wheel.  247. 
JBP  the  axis,  P  the  pevot  or  fpindie  it  turns  upon.  0^7"  the 
waves  of  the  great  wheel,  ^i  a  fmall  wheel  perpendicular  to 
the  horizon,  and  placed  under  the  edge  of  the  great  whtel  : 
this  wheel  is  moveable  about  the  center  C,  in  the  end  of  the 
leaver  EFC^  which  is  moveable  about  the  center  D  ;  EF  the 
3rch  of  a  circle,  Twhole  plane  is  perpendicular  to  the  horizon, 
and  in  the  plane  of  the  wheel  ^R.     EG  the  chain  of  a  pump. 

Whilft  tiie  great  wheel  is  turned  by  the  leaver  iV.^,  from  O 
towards  /,  the  wave  ^  prefles  down  the  wheel  i^/?,  and  raifes 
the  end  £",  which  draws  up  the  water  in  the  pump  G.  But  when, 
the  deepelt  cart  of  the  wave  is  paft  the  wheel  ^R,  the  wheel 
then  r)fes  up  into  the  hollow  S,  and  then  the  chain  EG  defcends, 
till  the  next  wave  railes  it  again.  And  thus  every  wave  makes 
,a  ftroke  of  the  pump. 

^  -;The  wheel  ^Ji  is  placed  there  only  to  avoid  friftion,  and  fo 
that  a  perpendicular  to  its  plane  may  pafs  through  AB.  If  the 
number  of  waves  be  odd,  and  another  pump  wheel  and  leaver 
be  placed  diametrically  oppofite,  on  the  other  fide  of  the  great 
wheel,  then  thefe  ading  by  turns  will  keep  the  motion  uniform, 
and  the  power  at  N  will  always  adl  equally. 

Ex.   LX. 

BFG  a  cafflain^  to  draw  great  weights.  BC  the  axis,  which  248, 
rs  driven  about  by  men  afling  at  yf,  A^  by  help  of  the  leavers 
AB^  AB.  Here  mult  only  be  3  or  4  fpires  of  the  rope  DCE 
folded  about  the  axis  BC -.y  for  the  axis  could  not  hold  fo  much 
rope  as  there  is  fometimcs  orcafion  for.  And  to  hinder  the 
rope  frotn  flipping  back,  a  man  conftantly  pulls  at  E  to  keep 
it  light.  And  the  axis  is  made  conical,  or  rather  angular  ac 
the  bottom  C,  to  keep  the  rope  from  going  any  lower,  whilft 
the  capftain  goes  about. 

Ex.  Lxr. 

Ah  is  z-jack  to  lift  great  weights.     £  is  a  pinion  upon  the   249. 
axis  FG,  GC  a  toothed  wheel,  and  D  a  pinion  upon  the  fame 


axis 
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P  I  G.  a'^is*  working  iii  the  teeth  of  the  rack  AB.     The  whole  is  in- 
2   q'    doled  in   a  Itrong  cafe  7v/>,  all  of  n-etal.     The  handle   GHI 
aoes  on  the  axis  FG  on  the  backfide  of  the  cafe.     • 

When  a  weisht  is  to  be  lifted,  the  forkt  end  y^is  put  under 
the  weight  ;  then  turning  the  handle  HI^  the  pinion  E  moves 
the  wheel  GC,  with  the  pinion  D  ;  and  D  raifcs  the  rack  AB^ 
with  the  weight. 

Ex.   LXII. 


2.:o. 


2sl 


An  engine  to  raife  and  let  fall  two  weights  with  contrary  mo- 
tions fucceffively,  whilft  the  moving  power  ads  alv'/ays  one 
way.  GH  a  great  horizontal  wheel.  iV,  M  two  lanterns,  fo 
placed  on  the  axis  AB,  that  the  great  wheel  can  only  work  one 
of  them  at  once.  When  the  cog  wheel  GH  \%  turned  by  the 
leaver  LI,  it  turns  the  lantern  M,  and  raifes  the  bucket  Ey 
whilft  F  defcends.  Then  E  being  raifed,  move  forward  the 
axis  AB,  that  the  lantern  Mmay  leave  the  wheel,  and  N  come 
to  it.  Then  the  great  wheel  moving  the  fame  way  as  before, 
will  now  work  upon  iV,  and  turn  the  axis  the  contrary  way, 
and  raife  the  bucket  F  whilft  £  defcends.  Which  done,  move 
the  axis  back  towards  A^  and  you  will  again  rife  the  bucket 
£,  and  fo  on. 

This  may  alfo  be  performed  by  placing  the  lanterns  M,  Ny 
fo  that  the  great  wheel  may  work  them  both  at  once ;  but 
making  them  moveable  about  the  axis  AB,  then  there  muft 
be  a  pin  to  faften  either  of  them  to  the  axis ;  lo  that  firft  one 
lantern,  and  then  the  other,  being  thus  fixt  to  the  axis,  whilft 
the  other  is  loofe,  the  buckets  £,  F  will  afcend  and  defcend 
alternately. 

Ex.   LXIII. 

A  mill  for  iron  "H'ork.  AB  the  flitting  mill,  CD  the  plate  mill. 
SP  the  clipping  mill.  E,  Fare  two  great  water  wheels.  After 
the  water  is  paft  the  wheel  E,  m.oving  in  diredlion  ^^,  it 
comes  about  to  the  wheel  F,  in  direction  XT.  The  water 
wheel  £,  with  the  lantern  G  on  the  fame  axis,  carries  the  fpur 
wheels  Al  and  //,  with  the  cylinders  B  and  D.  And  the  wheel 
F  with  the  lantern  /,  carries  the  wheels  iVand  K,  with  the  cy- 
linders y^  and  C.  The  cylinders  A  and  B,  as  alfo  C  and  D 
run  contrary  ways  about.  And  the  cylinders  A  ^nd  B  are  cue 
into  teeth,  for  flitting  iron  bars.  C,  D  are  8  inches  diameter  ; 
y^  and  B  about  12.  And  thefe  cylinders  may  be  taken  out  and 
others  put  in,  and  may  be  brought  nearer  10,  or  fariher  from 

one 
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one  another,  by  help  of  fcrews,  which  fcrew  up  the  fockets  where  p  i  c 
the  axles  run.     The  axles  of  iV,  7,  K  lie  all   in  one  horizontal   251.' 
plane.    And  lb  does  M,  G,  H.     But  the  cylinders  A^  By  and 
alfo  C,  D,  lie  one  above  another. 

For  making  the  plates  ;  if  a  bar  of  iron  be  heated  and  made 
thin  at  the  end,  and  that  end  put  in  between  the  cylinders  C,  D, 
whilft  the  mill  is  going;  the  motion  of  the  cylinders  draws  ic 
through,  on  the  other  fiJe,  into  a  thin  plate.  Likewife  a  bar 
of  iron,  being  heated  and  thinned  at  the  end,  and  put  in  be- 
tween the  toothed  cylinders  A-,  B  ;  it  is  drawn  through  on  the 
other  fide,  and  (lit  into  feverai  pieces,  or  ftrings.  And  rhen  if 
there  be  occafion,  any  of  thefe  ftrings  may  be  put  through  the 
plate  mill  with  the  fame  heat,  and  made  into  plates. 

OP^  is  the  (heers  for  clipping  bars  of  cold  iron  into  lengths. 
V  a  cog  in  the  axis  of  the  water  wheel.  OP  one  fide  of  the 
iheers  made  of  fteel,  and  moveable  about  P.  The  plane  LPR 
is  perpendicular  to  the  horizon.  When  the  mill  goes  about, 
the  cog  V  raifes  the  fide  OP,  which  as  it  rifes  clips  the  bar  T[i 
into  two,  by  the  edges  SP,  RP.  Ail  the  engine,  except  the 
water  wheels  E,  F,  is  within  the  houfe. 

Ex.   LXIV. 

AFC  2L  windmill  to  frighten  birds  from  corn  or  fruit.  This  252. 
is  made  of  wood.  The  fails  F,  F  a  foot  long,  and  their  planes 
inclined  to  the  axis  5C,  45  or  50  degrees.  The  piece  B  goes 
upon  the  end  of  the  axis  i5C,  and  is  pinned  faft  on,  and  the 
fails  and  axis  turn  round  together;  and  the  axis  goes  through 
the  board  AD,  and  is  kept  from  flying  out  of  the  hole,  by 
the  piece  B  pinned  faft.  The  whole  machine  is  moveable  a- 
bout  the  perpendicular  ftafr  JG,  by  which  means  the  wind  turns 
the  mill  about  the  axis  AG,  till  the  plane  AD  lies  direftly  from 
the  wind  ;  and  then  the  fails  face  it.  At  S  is  a  fpring  to 
knack  as  it  goes  about ;  and  the  like  on  the  other  fide. 

Ex.  LXV. 

An  anemofcopey  to  (how  the  turnings  of  the  wind.  CD  is  a  255. 
weather  cock  of  thin  metal,  fixt  faft  to  the  long  perpendicular 
axis  DF,  which  turns  with  the  leaft  wind  upon  the  foot  F, 
and  goes  through  the  top  of  the  houfe  RS.  To  this  axis  is  fixt 
the  pinion  A,  which  works  in  the  crown  wheel  B,  of  an  equal 
number  of  teeth.  The  crown  wheel  is  fixt  on  the  axis  PI,  on 
the  end  of  which  the  index  NS  is  fixt.  The  axis  PI  q;oes 
•  F  f  through 
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f  ,  c    through    the  wall  LM,  againfl:  the  wall   is  placed  rhe  circle 


2 


-J  NESIV-,  with  the  points  01  i  he  com  pa  Is  round  it.  Then  if  the 
^  vane  CD  be  let  to  the  north,  and  at  the  Tame  time  the  index 
SN  tixt  on  the  axis  PL  to  point  at  S.  Then  however  the 
wind  varies,  it  will  turn  the  vane  CD,  and  pinion  A\  and  A 
turns  the  wheel  B  with  the  index  N  \  fo  that  the  index  will 
always  be  direded  to  the  oppofite  point  of  the  connpjfs  to  the 
vane  DC  j  or  to  the  fame  as  the  wind  is  in. 

Ex.    LXVI. 


2J4. 


DEF  is  a  rag-pump^  or  chain-pump.  EF  the  barrel,  CD 
the  roller.  CH  an  entilefs  chain,  to  which  are  fixt  fevcrai  lea- 
th>^r  buckets  /,  /,  hollow  on  the  upper  fide  that  afcends.  AB 
the  h  indie.  The  uie  of  this  is  to  cleanfe  foul  waters  from  dire 
and  rubbifh.  The  roller  is  ribbed  to  hinder  the  chain  from 
(lipping,  in  working.  When  the  roller  is  turned,  it  draws  up 
the  chain  through  the  pump,  with  whatever  is  in  the  water,  and 
difchargcs  it  at  the  top.  Inftead  of  the  roller  CD^  a  wheel  like 
a  trundle  may  be  uled,  called  the  rag  wheel. 

Ex.   LXVIl. 

255.  A  dyer^ 5  and  fuller* s  mill.  ^  the  great  wheel  carried  about 
by  horfes.  This  turns  the  trundles  5,  C,  D\  together  with 
£,  F,  G.  Then  E  turns  the  cog  wheel  //,  with  the  axis  IK^ 
and  the  crofs  pieces  L,  L  \  1,1,  &c.  are  pullies  or  rollers. 
JWTV,  MN  wooden  beaters,  turning  upon  an  axis  pafllng  through 
iV,  N  Whilft  the  axis  IK  turns  about,  the  end  I?  Qides  along 
the  pulley  i  -,  and  falling  off,  the  part  M  ftrikes  agasnft  the 
cloth  in  the  trough  at  0,  0.  The  lantern  F  carries  the  cog- 
wheel P,  and  the  crmks  ^,  ^  ;  which  work  the  pumps  ^,  2", 
by  help  of  the  leavers  RS,  moveable  about  a.  The  trundle  G 
carries  the  cog-wheels  F  and  IV,  and  PF  carries  the  trundle  Xy 
with  the  pitlon  T  that  grinds  the  indigo  in  the  veflel  cd', 
from  whence  it  flows  to  the  veffel  Z.  The  ends  w,  w,  Cffc.  of 
all  the  Tixles,  run  in  pieces  of  timber  going  crofs  the  mill,  and 
fattened  to  one  another  and  to  the  walls  of  the  houfe. 

Ex.  LXVIII. 

256.  A  machine  to  empty  {landing  waters.  This  is  no  more  than 
a  large  pipe  or  fyphon  ABC,  being  extremely  clofe  and  tight 


that  no  air  can  get  in. 


If 
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If  the  pool  of  water  DE  is  to  be  eniptied  over  the  hill  DHG  ;  p  i  c. 
let  the  pipe  be  placed  with  its  mouth  yf  within  the  warer  Z)£,  2-6. 
and  the  mouth  C  within  the  water  FG,  if  the  pipe  be  very 
laro-e.  Then  flop  up  A  and  C,  and  fill  the  pipe  wiih  water 
by  the  cock  B  at  the  top.  Then  flopping  the  cock  B  very 
clofe,  open  A  and  C  \  and  the  water  will  flow  through  the  pipe 
from  BE  into  FG^  which  may  run  over  at  F,  at  a  fmall  height 
above  C,  and  go  away. 

Note,  the  end  C  muft  always  be  lower  than  A^  and  the 
height  of  the  top  B  above  BE  muft  not  exceed  1 1  yards  -,  for 
if  It  do,  the  water  will  not  flow.  If  the  pipe  be  very  ftra  t, 
the  end  C  need  not  be  immerfed  in  the  water ;  but  it  large  it 
muft  j  or  elic  the  air  will  infinuate  itfelf  into  the  pipe  at  C,  and 
hinder  the  flux  of  the  water. 

Ex.  LXIX. 

EFGH  is  a  coal  ginn.  E  the  cog-wheel  n  feet  diameter,  257. 
and  72  cogs  :  this  carries  the  trundle  F,  near  2  feet  diameter, 
and  12  rounds,  together  with  the  roll  G,  4  feet  diameter.  AH 
is  the  ftart  20  feet  long.  The  axis  AB  runs  upon  the  kevy- 
ftock  C.  There  are  two  crofs  trees  IK,  at  the  top,  through 
which  the  axis  AB  goes.  Thefe  crofs  trees  are  lupported  by 
four  pofts  KL  at  the  four  corners.  When  the  coals  are  to  be 
drawn  up  out  of  the  pit,  two  horfes  are  yoaked  at  //,  and  go 
round  in  the  path  O^D-,  and  draw  the  wheel  about.  And 
whilft  the  loaded  corf  iV,  is  drawn  up  to  the  top  of  the  (haft 
M,  by  the  rope  going  round  the  roll ;  the  empty  one  at  the 
other  end  of  the  rope,  is  defcending  to  the  bottonj.  And  the 
loaded  corf  TV"  being  taken  ofl^,  and  an  empty  one  put  on,  the 
horfes  are  turned,  and  made  to  draw  the  coiitrary  way  about, 
till  the  other  corf  comes  to  the  top  loaded  :  and  fo  as  one 
corf  afcends,  the  other  defcends  alternately.  A  corf  of  coals 
weighs  about  5  hundred  weight,  and  contains  about  4i-burhels. 
A  pit  is  40  or  50  fathom  deep.  And  50  fathom  of  the  rope 
weighs  about  3  hundred  weight. 

Ex.   LXX. 

Awormjackioxiuxnmo^Ti^^At.    yf5C  the  barrel  round  which   258. 
the  cord  ^R  is  wound.   KL  the  main  wherl  of  60  teeth.   iVthe 
worm  wheel  of  about  30  teeth  cut  obliquely.     Z.M  the  pinion 
of  15  or  16.     0  the  worm  or  cndlefs  fcrew,  on  which  are  two 
threads  or  worms  going  round,  and  making  an  angle  with  the 

F  f  2  axis 


220  D  E  S  C  R  I  P  T  I  O  N     r.F 

F  1  G.  axis  of  60  or  75  degrees.  X  the  (iud,  Z  the  loop  of  the  worm 
2^8.  fpindk'.  P  a  heavy  wheel  or  fly  10  muke  the  motion  uniform. 
DG  the  ftruck  wheei  fixt  to  the  axis  FD  6\  S  feveral  hoifs  in 
the  friim^",  to  nail  it  to  a  board,  which  is  to  be  nailed  ag.inft 
a  wall  i  the  end  D  going  through  it.  ///the  h.indle,  ^ 'ing 
upon  the  axis  ET^  to.wind  up  the  wei^^ht  when  down.  R  are 
fixt  pullies,  V  moveable  pullies  with  the  weight.  The  axis 
£7"  is  fixt  in  the  ban  el  //C,  and  this  axis  being  hollow,  both 
it  and  the  barrel  turn  round  upon  the  axis  FD,  which  is  fixt 
to  the  whee'  KL,  turning  in  the  order  BTA  ■,  but  cannot  rurn 
the  contrary  w,i\,  by  realon  of  a  catch  nailed  to  the  end  ABy 
which  lays  hold  of  the  crofs  bars  in  the  wheel  LK. 

The  weight,  by  means  of  the  cord  i^^,  carries  about  the 
barrel  AB^  which  by  means  of  the  catrh,  carries  the  wheel  AX, 
which  carries  the  nut  LiVi  and  wheel  TV",  wi.ich  carries  the  worm 
O  with  the  fly  P.  Alfo  the  wheel  LM  carries  the  axis  FD 
with  the  wheel  DG,  which  carries  the  cord  or  chain  that  goes 
about  the  fpit  head  (a  wheel  like  BG)  which  turns  the  fpit. 
The  more  pullies  at  R  and  F,  the  longer  the  jack  will  go  ; 
but  then  the  weight  muft  be  greater. 

The  catch  lies  between  the  end  AB  of  the  barrel  and  the 
wheel  KL,  and  is  thus  defcribed  :  ff  the  barrel,  n  the  main 
fpindle  :  dr  a  tumbler  moving  eafy  on  the  center  pin  ^,  faftcned 
to  an  iron  plate,  nailed  to  the  barrel :  b  a  collar  of  iron,  turn- 
intr  a  little  ftifFon  the  fpindle  ;  from  this  proceeds  the  tongue 
he,  pairing  through  the  hole  c  in  the  tumbler:  r  the  catch  of 
the  tumbler.  Now  whilft  the  barrel  with  the  catch  is  turned 
about,  in  the  order  efg,  upon  the  axis  n ;  the  collar  is  drawn 
about  by  the  tongue  bc^  which  tongue  adling  backwards,  turns 
the  tumbler  about  the  center  a,  anddeprelfes  the  catch  r.  But 
the  barrel  being  turned  the  contrary  way,  the  tongue  then  ads 
towards  d  j  this  deprefles  the  end  d,  and  raifes  the  catch  r,  which 
then  takes  the  crofs  bars  of  the  main  wheel,  and  flops  the  barrel. 
This  catch  would  alfo  ferve  for  a  clock,  and  is  better  than  a 
fpring  catch,  becaufe  it  makes  no  noife  in  winding  up. 

Note,  the  jack  need  not  be  placed  fo,  that  the  axis  FD  be 
parallel  to  the  fpit;  but  any  way  it  can  conveniently.  For  it 
is  no  matter  whether  the  chain  croffes  or  not. 

Ex.  LXXI. 

250.       DAF  the  bydrqfiatical  bellows.     AB^  £F,  two  fiat  boards  of 
oak  i  the  fides  AE,  BF,  of  leather,  joined  very  clofe  to  the  top 

and 
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and  bottom,  with  ftrong  nails.     CD  a  pipe  (crewcd  into  the  f  j  q^ 
piece  of  brafs,  in  the  top  at  C  259. 

Ir  a  man  blows  in  at  the  pipe  DC,  he  will  raife  a  great 
weight  laid  up-)n  the  board  y//i.  Or  if  he  ftands  upon  tht-  board 
yfjS,  he  may  eafily  blow  himiclf  up,  by  bl  wing  ftronglv  into 
the  pipe  DC.  It  water  be  poured  in  atZ),  tiil  the  bellows  and 
pipe  be  full,  the  prcffure  upon  JB  within,  will  lift  as  much 
weight  upon  the  top  JB,  as  is  equal  to  a  cylmder  of  water, 
whofc  bafe  is  JB  and  height  CD. 

Ex.  LXXII. 

ADM'm  a  water-null  for  grinding  corn.  A  the  water-wheel  260. 
16  tect  diameter,  ^C  its  axis.  D  the  cog-wheel,  with  48  cogs. 
O  a  trundle,  with  9  rounds ;  LI  its  axis.  M-  N  the  Jlones  6  or 
7' feet  diameter.  I'he  lovvrr  llone  N  is  the  Iyer,  being  fixt  im- 
moveable upon  beams  of  wood  -,  and  the  upper  (ione  is  the 
runner,  and  is  faftened  ;o  the  fpindle  LI,  by  a  piece  of  iron 
called  the  rind,  fixt  in  the  lower  fide  of  the  ftone,  to  go  fquare 
upon  the  fpindle  •,  berwcen  which  and  the  llone,  there  is  room 
left  for  the  co;n  to  fall  through  upon  the  lower  ft6ne.  The 
fpindle  goes  through  the  lower  ftone,  and  is  made  fo  tight  with  a 
■wooden  bujh,  as  to  turn  round  in  it  eafily.  The  upper  ftone,  with 
the  fpindle  L/,  is  fuppo  t^-d  on  the  end  /,  upon  a  horizontal 
beam  of  wood  FE,  called  the  bridge  ;  the  end  F  being  fixt, 
and  the  end  E  lying  up  )n  the  beam  HG,  fixt  at  G,  called  the 
brayer  ox  bearer.  The  <  nd  H  is  fupported  by  the  lifting-tres 
HK,  by  help  of  a  wedge  at  K.  By  this  means,  the  upper  ftone 
may  be  raifcd  or  lowered.  For  if  KH  be  raifed  with  the  leaver 
Kk,  the  end  E,  the  axis  LI,  with  the  ftone  M,  and  the  piece 
GH  are  all  railed,  and  may  be  fixed  there  by  the  wedge  K. 
Thus  the  ftones  may  be  fet  as  near  or  far  off  as  you  will. 
The  lower  ftone  is  broader  than  the  upper  fl:one,  and  is  fea- 
thered, or  cut  into  fmall  channels,  to  convey  the  flour  out  ; 
and  is  enclofed  with  boards  all  around  as  ab,  clefe  to  the  lower 
ftone,  and  above  the  edge  of  the  under  one,  to  keep  the  meal 
in.  And  through  one  fide  of  the  boards  is  a  hole  called  the 
mill-eye,  through  which  the  meal  runs  out  into  a  trough. 

The  furfaces  of  the  mill-ftones  are  not  flat,  but  conical;  the 
upper  one  an  inch  hollow,  the  under  one  fwells  up  ^  of  an 
inch  :  fo  the  two  ftones  are  wider  about  the  middle,  and  come 
nearer  and  nearer  towards  the  outfide  •,  v/hich  gives  room  for 
the  corn  to  go  in,  as  far  as  4  of  the  radius,  where  it  begins  to 
be  ground.     The  upper  ftone  has  a  dancing  motion  up   and 

down. 


2  60. 


222  DESCRIPTION     OF 

down,  by  the  fpringing  of  the  bridge,  which  helps  to  grind 
^  \Z'  the  corn.  The  flour,  as  foon  as  made,  is  thrown  to  the  out- 
fide,  by  the  circulation  of  the  ftone  and  the  air,  and  driven  out 
at  the  mill-eye.  The  quantity  of  flour  ground,  is  nearly  as 
the  velocity  and  weiglit  of  the  ftone.  The  ftone  ought  not  to 
go  round  abt)ve  once  in  a  feond,  for  bread  corn. 

The  corn  is  put  into  the  hopper  S^  which  failing  down  into 
the  J/joe  T"^,  runs  into  the  hole  at  the  top  of  the  (tone  M.  The 
axis  LM  is  made  with  6  or  8  angles  ;  which,  as  it  turns  about, 
lliakes  the  end  y  of  the  fhoe,  and  keeps  the  corn  always  run- 
nin  ■  down.  The  axis  LM  may  be  taken  off.  P,^  is  the  di- 
recVo.i  of  the  water,  which  ading  againft  the  floats  R,  carries 
about  the  water-wheel  J,  and  cog-wheel  D,  which  cog-wheel 
carries  the  lantern  or  trundie  O,  and  the  upper  ftone  M  that 
grinds  the  corn. 

Sometimes  one  water- wheel  J,  carries  2  pair  of  flones,  and 
then  2  cog-wheels  as  D,  are  put  into  the  axis  BC,  which  carry 
two  trundles  with  the  ftones.     Otherwiie  the  cog-wheel  D  car- 
ries a  trundle  0,  -and  fpur  wheel;  which  fpur-wheel  carries  2 
lanterns  with  the  fl:ones,  one  lantern  on  each  fide  the  wheel. 
Or  fcmetimes,  the   fame   cog-wheel  D  carries  another  lantern 
and  cog-vvheel,  who!e  axis  is  parallel  to  the  horizon  ;  and  this 
co»-whcel  carries  another  lantern  with  the  ftones.     And  the 
trundle  is  fuch,  as  to  n  ake  the  blue  (tones,  or  thofe  that  grind 
wheat  flour,  go  near  twice  as  fwiit  as  the  grey  fl:ones  do.     In 
thefe  cafes,  when   one  pair  of  fl:ones  is  to  fl:and  ftill,  there  is 
eithL-r  a  loofe  run??  to  be  taken  out  of  its  lantern,  or  elfe  the 
bridge  EF  is  (hifted  towards  H,  till  the  lantern  0  be  clear  of  D. 
The  diameter  of  the  water-wheel  J  muft  not  be  too  large  ; 
for  then  it  will  move  too  flow  ;  nor  too  little,  for  then  it  will 
want  power.    When  a  mill  is  in  perfeftion,  the  vdocity  of  the 
floats,  wings,  or  hands  Ry  upon  the  water-wheel  mufl:  be  f 
the  velocity  of  the  ftream. 

The  higher  fall  the  water  has,  the  lefs  of  it  will  ferve  to 
carry  the  mill.  In  an  underfliot  mill,  where  the  water  comes 
underneath  the  wheel,  it  is  brought  by  a  narrow  channel  called. 
ih^  mill  race.  The  water  is  kept  up  in  the  mill  dam,  ai-d  let 
out  by  the  pen/lock,  when  the  mill  is  to  go:  and  the  penftock 
is  raifed  or  kt  down  by  help  of  a  leaver.  The  penftock  being 
raifed  opens  a  palTage  to  the  water,  lo  or  12  inches  wide, 
through  which  it  flows  to  the  wheel.  And  when  the  mill  is  to 
flop,  the  penftock  is  let  down,  and  the  orifice  ftopt. 

When  the  water  comes  underneath  the  wheel,  it  is  called  an 
underjhot  mill.     But  if  it  comes  over  the  wheel  (as  in  fig.  282.) 

I  it 


Sea.  Xlir.       COMPOUND    ENGINES.  223 

it  is  called  an  overfal  or  overjijct  mill.     This  requires  iefs  water  p  j  q 
than  an  underfhot  mill  j  but  there   is  not   convenience  in    all    260.* 
places  to  make  them.     The  water   is  brought  to  the  wheel  of 
an  overfal  mill,   by  a  trough  j  which  is  turned  afide,  to  throw 
the  water  off  the  wheel,   when  the  mill  does  not  go. 

A  breaji  mill  is  that  where  the  water  is  delivered  into  boxes, 
at  about  the  height  of  the  axis  of  the  wheel,  and  moves  the 
wheel  by  its  weight.  This  requires  more  water  than  either  of 
the  o:her  forts. 

A  good  overfal  mill  will  grind  2  ^  or  3  bufhels  of  corn  in 
an  hour  ;  and  in  that  time  requires  100  hogftieads  of  water, 
having  10  or  12  feet  fall. 

Ex.    LXXIII. 

AB  is  a  trap  to  catch  vermin,  made  of  boards.  GH  a  piece  261. 
of  wood  fufpended  over  the  bar  /L,  by  the  leaver  DE^  move- 
able about  D  ',  and  the  thread  FE,  tied  to  the  flart  CK.  ImB 
a  piece  of  flat  wood,  moveable  about  Im,  and  lying  on  the  bot- 
tom, whofe  end  B  comes  through  a  hole  m  the  fide,  in  which 
is  a  catch  to  take  hold  of  the  end  K  of  the  flart,  when  the 
trap  is  fet.  When  the  vermin  go  into  the  trap,  they  tread 
upon  the  board  ImB,  on  which  a  bait  is  laid,  which  puts  down 
the  end  B,  and  the  ftart  CK  flies  up.  This  gives  liberty  to 
the  rod  DE  to  rife  up  -,  then  the  piece  of  wood  GH  falls  down, 
and  knocks  them  on  the  head.  If  two  pieces  of  board  were 
nailed  on  the  ends  G,  Hy  to  reach  below  the  piece  of  wood 
GH,  the  trap  wotld  fake  the  vermin  alive. 

ABE  is  another  trap,  the  end  B  is  wire  ;  and  the  end  A  262* 
Aides  up  and  down  in  two  groves  in  the  fides.  When  the  trap 
is  fet,  the  end  J  is  fufpended  by  the  thread  CD,  tied  to  the 
rod  DI,  n.ovcable  about  0,  the  end  /being  held  by  the  crooked 
end  of  the  wire  IS,  moveable  about  R,  the  end  RS  going 
within  the  trap.  A  bait  is  put  on  the  end  at  S,  and  the  end  E 
of  the  trap  being  open,  the  vermin  goes  in  and  pulls  at  the 
bait  S,  this  pulls  the  catch  /  from  off  the  end  of  the  leaver  /Z), 
which  lets  the  end  A  fall  down,  and  the  vermui  is  taken. 

Ex.   LXXIV. 

An  engine  for  moving  feveraly^wj  for  the  fawing  of  ftones,   2(^3. 
(^c.  ILLI  is  a  fquare  frame,  perpendicular  to  the  horizon,  mov- 
ing in  diredlion  LL,  in  gutters  i,  ade  in  the  fixed  '■'(.d.ii^'^  AM, 
CB  J  and  running  upon  little  wheels,   IL  two  rods  of  iron  fixed 
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at  /"and  L.  cp  two  hands  of  iron  running  along  thefe  rods  j 
^  5^*  to  thele  are  fixed  the  laws  5,  S.  HIK  is  a  triangle  fixed  to  the 
^  ^  axis  of  a  ffreat  wheel.  As  the  wheel  and  triangle  go  about  from 
H  towards  /,  the  point  /afling  againltthe  piece  G,  moves  the 
frame  towards  iVf5,  together  with  the  faws  S,  S.  When  /  is  gone 
off  the  ancrle  K  afls  againft  the  piece  F,  and  moves  the  frame 
back  ao-ain.  Then  H  afling  againft  G,  moves  it  forward  ;  and 
io  the  taws  are  moved  back  and  forward,  as  long  as  the  wheel 
turns  round.  As  thefe  faws  work  by  the  motion  of  the  engine, 
the  hands  op  defcend.  The  parts  F  and  G  ought  to  be  made 
curve  ;  and  little  wheels  may  be  applied  at  the  points  of  the  tri- 
angle fllK,  to  take  away  the  friftion  againft  F  and  G.  The 
axle  of  the  wheel  may  be  made  to  carry  more  triangles,  and 
work  more  faws,  if  the  power  is  ftrong  enough. 

Inftead  of  the  triangle  HIK,  the  frame  may  be  moved  by  the 
two  pieces  ab^  cd -,  going  through  the  axis,  acrofs  to  one  an- 
other. So  that  ab  may  only  adl  on  F,  and  cd  on  G.  F  being 
only  in  the  plane  of  tfi''s  motion,  and  G  in  that  of  cd.  So  that 
F  never  falls  in  the  way  of  cd,  nor  G  in  the  way  of  ab. 

Ex.    LXXV. 

264.  ^  's  an  eoiipile.  This  is  a  hollow  globe  of  brafs,  with  only  a 
very  fmall  hole  at  the  mouth.  Take  it  by  the  handle  B,  and  fet 
it  on  a  fire  till  it  is  heated  -,  then  plunge  it  in  cold  water,  and  the 
air  in  it  which  was  rarified,  will  be  condenfed  ;  and  water  will 
go  into  it,  till  it  be  about  half  full.  Then  if  it  be  fet  on  the 
fire,  the  water  will  turn  into  vapour  by  the  heat,  and  will  blow 
out  at  the  mouth  with  great  violence  ;  and  continue  fo  till  the 
water  is  fpent. 

Ex.   LXXVI. 

265.  JBD  is  a  hygrofcope.  BC  is  an  index  hung  by  the  (therm) 
ftring  AB,  the  point  B  hanging  over  the  center  of  a  circle,  which 
is  divided  into  equal  parts.  The  ftring  AB  twifts  and  unrwifts 
by  the  moifture  or  drynefs  of  the  air.  By  this  means  the  mdex 
BC  turns  about,  and  (hews  the  degrees  of  drought  or  moifture, 
on  the  circumference  DC. 

Ex.    LXXVII. 

266.  A  windmill.  AHO  the  upper  room,  HOZ  the  under  one. 
AB  the  axle-tree,  going  quite  through  the  mill.    STFIV  the  fails 
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covered  with   canvafs,  fet   obliquely  to  the  wind,  and   going  fig. 
about  in 'the  -jrder  STypF,  their   length   about  6  yards,  and   266. 
breadth  2.    CD    the   cog-wheel,  of  about  48    cogs,  a,  a^  a\ 
which  carries  the  lantern  EF,  of  8  or  9  rounds,  f,  c  i   and  its 
axis  GiV".    IK  th^  upper  Ji one  or  runner  \  LM  the  lower  Jlone. 
^Ji  the  bridge,  fupporting  the  axis  or  fplnd'e  GN.    The  bridge 
is  fupported  by  the  beams  cd,  XT,  wedged  up  at  c,  d,  and  X. 
ZT  the  lifting  tree  (landing  upr  ght :  ah,  ef,  leavers  whole  centers 
of  motion  are  Z,  u  :  fghi  a  cord  with  a  ftone  i,  for  a  balance, 
going  about  the  pin"^  gh.    'i  he  fpindle  ^A^  is  fixed  to  the  upper 
Itone /if,  by  a  piece  of  iron,  called  the  rind,  fixed  in   the  un- 
der fide  of  the  lione.     The  upper  ftone  only  turns  about,  and 
its  whole  weight  rells  upon  the  bridge  ^i,  and  turns  upon   a 
hard  ftone  fixed  at  N.     The  trundje  EF  and  axis  Gt  may  be 
taken  away  ;  for  it  fixes  on  the  lower  part  at   t,  by   a   fquare 
locket,  and  the  top  runs  in  tlie  eJge  of  the  beam  w.     Putting 
down  the  end/  of  the  leaver/^,  raifesZ',  which  raifes  Z2",  which 
raifes  TX,  and  this  raifes  the  bridge  ^i,  with  the  axis  A^G,  and 
the  upper  ftor.e  IK;  and  thus  the  ftones  are  fet  at  anydiftance. 
The  lower  ftone  is  fixed   immoveable  upon   ftrong  beams,  is 
broader  than  the  upper,   upon  which  boards  art  placed  round 
the  upper  at  a  fmall  diftance,  to  confine  the  flour   from  flying 
away  •,  and   the  flour  is  conveyed  through  the  tunnel  no  down 
into  a  cheft.     P  is  the  hopper  into  which  the  corn  is  pur,  which 
runs  along  the  frjoe  or  fpout  r  into  the' hole  /,  nnd  fo  falls  be- 
tween the  ftones  where  it  is  ground.  The  axis  Gt  is  fquare,  which 
(baking  the  fpout  r  as  it  goes  about,  makes  the  corn  run  out : 
rs  a  ftring  going  about  the  pin   j,  which   being  turned  about, 
moves  the  fpouc  nearer  or  further  from  the  axis  and  lo  makes 
the  corn  run  in  fafter  or  flower,  according  to  the  wind.     And 
when  the  wind  is  great,   the  fails  5,  T,  V,  W  are  only  part  of 
them,  or  one  fide  of  them,  covered-,  or  perhaps  only  a  half  of 
two  oppofite  fails  T,  W  2iXt  covered.    Towards  the  end  5  of  the 
axle-tree  is  placed  another  cog-wheel,  trundle,  and  ftones,  with 
exadly  the  fame  apparatus  as  before.    And  the  axle  carries  two 
pair  of  ftones  at  once.    And  when  only  one  pair  is  to  grind,  the 
trundle  RF  and  axis  Gt  is  tiken  out  from  the  other :  xyl  is  z. girth 
of  pliable  wood,  fixed  at  the  end  .v  ;  and  the  other  end  /  tied  to 
the  leaver  km  moveable  about  k.     And   the  end   m  bein;^  put 
down,  draws  the  girth  xyl  dole  to  the  cog-wheel,  and  by   this 
means  the  motion  of  the  mill  is  ftopt  at  pleafure  :  pq  is  a  ladder 
going  into  the  higher  part  of  the  mill.     The  corn  is  drawn   to 
the  top,  by  means  of  a  rope  going  about  the  axis  AB,  when  the 
mill  is  going. 
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In  mills  built  of  wood,  the  whole  body  of  the  mill  turns 
^/  round  10  the  wind,  on  a  tampin  or  perptndicul  :r  pod.  But  in 
the  fe  of  lione,  only  the  upper  part  turns ;  the  roof  !S  the  furface 
of  a  cone  -,  there  is  a  wall  plate  of  wood  upon  the  top  of  the 
wall  :  in  this  a  channel  is  cut  quite  round,  in  which  are  feveral 
bals  rollers.  The  roof  has  a  wooden  ring  for  its  bafe,  which 
cxactiv  tits  into  this  ch.innrl  •,  and  the  roof  is  eafily  moved  round 
upon  the  rollers,  by  help  of  a  rope  and  windlafs. 

in  the  wcodcn  mill,  i  is  the  mill  houle,  which  is  turned 
about  to  the  wind  by  a  man,  by  help  of  the  lca\/er  or  beam  2. 
3  is  a  roller  to  ho  (I  up  the  Heps  4. 

Concerning  the  pofition  and  force  of  the  fails,  fee  Ex.  21, 
before. 

Ex.    LXXVlir. 

26-.  /^'^  2L  force  pump.  C  the  pifton  fixed  to  the  rod  £C,  move- 
able about  E.  DF  inQ  handle  moveable  about  i).  a,  d  two 
clacks  or  valves  opening  upwards.  The  piiton  C  mull  move 
freely  up  and  down  in  the  barrel,  and  exaflly  fill  ir,  that  no  air 
get  in.  'Tis  made  clofe  by  circular  pieces  of  leather  cut  to  nc 
the  barrel,  and  fcrewed  clofe  between  pieces  of  bii  's.  This  pump 
acts  by  prefTing  down  ;  for  when  the  handle  F  is  raifed,  it  raiics 
the  piiton  AC,  and  the  water  rifes  from  /7,  opens  the  valve  d, 
and  goes  into  the  barrel,  at  the  fame  time  the  valve  a  fhuts. 
But  when  Fis  put  down,  the  pifton  C  prefiing  upon  the  water, 
Ihuts  the  valve  d^  and  opens  a^  and  forces  the  water,  that  has 
been  raTed,  through  the  pipe  BG.  The  pi(ton  C  mud  not  be 
above  30  feet  from  the  water  in  the  weli. 

i('8,  LM  is  another  force  pump,  or  a  lifting  pump.  A^  the  buckrr. 
i?,  ^,  c  valves  opening  upward.  This  pump  is  dole  at  the  top 
0,  and  thefmallrod  of  iron  plays  through  a  hole  made  tis.'.ht 
with  leather.  This  pump  a6ts  by  forci'ig  upwards  •,  tor  when 
the  handle  P  is  put  down,  it  lifts  up  the  bucket  iV,  the  prefifure 
ihuts  the  valve  b,  opens  r,  and  forces  the  water  in  the  barrel 
A.S  along  the  pipe  ^i.  At  the  fame  time  the  valve  a  opens, 
and  lets  in  more  water  from  M  into  the  barrrl.  Ar^d  when  P 
is  raifed,  N  defcends,  the  valves  <?,  c  fliut,  and  b  op-ns,  and 
lets  more  water  pafs  into  the  bucket  A^,  through  the  upper  part. 
And  when  the  bucket  A^is  drawn  up  again,  tiie  water  is  forced 
along  the  pipe  ^R  as  before.  This  pump  is  the  fame  as  a  lift- 
ing pump,  only  there  is  added  the  valve  r,  which  is  not  abfolucely 
receffary.  No  hole  or  leak  mult  be  futfered  below  the  pifton  or 
bucket ;  for  air  will  get  in,  and  fpoil  the  working  of  the  pump. 
And  the  bucket  muft  always  be  within  ^o  feet  of  the  water. 
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In  thefe  pumps  the  bore  ac  Hor  M,  through  which  the  water  p  ,  q^ 
rifcs,  fhould  not  be  too  ftrait;  the  wider  it  is,  the   falter  the    268. 
water  afcends.     Nor  fhould  the  pipe  BG  or  i^/?,  that  difcharges 
the  water,  be  too  ftrait  j  for  then  the  pump  will   work   (lower, 
and  difcharge  lefs  water  in  a  minute,  or  require  more  force  to 
work  it.     For  the  calculation  of  a  pump,  fee  Ex.  XXif. 

There  are  feveral  ibrts  of  valves  ufed  in  pump  work  -,  as  T,  P\ 
IV^  that  at  Tbeing  made  of  two  pieces  of  flu  leather,  is  called  a 
clack.  Thefe  at  V^  IV  are  made  conical,  or  of  any  indented  fi- 
gure, and  fit  exadly  into  a  hole  of  the  lame  fiiiipe.  Ac  the  bot- 
tom of  the  valve  is  put  a  pin  acrofs  it,  to  hinder  its  fiying  quite 
out  of  the  hole. 

Ex.   LXXIX. 

AB  a  hydrometer ^  to  mcafure  the  denfities  of  liquors,  efpecially  2^9. 
fpirituous  liquors.  This  is  a  hollow  ball  of  glals,  B,  partly  filied 
with  quickfilver  or  (hot ;  and  hermetically  lealed  at  the  top  A^ 
when  made  of  a  due  weight,  by  trials.  The  fmall  tube  AB  is 
divided  into  equal  parts,  and  graduated  at  equal  diftances. 
And  thefe  divifions  noted  to  which  it  finks  in  diff^erent  fluids  of 
the  beft  forts ;  which  points  muft  be  taken  as  flandards  to  co.m- 
pare  others  with.  Then  if  the  hydrometer  be  immerged  in  any 
fluid,  and  the  point  to  which  it  finks  in  the  furface  be  marked, 
it  fliews  the  denfity  of  it,  and  its  goodnefs.  For  it  finks  deepeft 
in  the  lightcft  liquor  :  and  the  lightefl:  liquids  are  the  beft. 

Ex.   LXXX. 

AB  is  a  thermometer^  to  meafure  the  degrees  of  heat.  B  is  270, 
a  glafs  ball  with  a  long  neck  AB.  The  ball  and  part  of  the 
neck  is  filled  v/ith  fpiric  of  wine  tinged  red  with  cochineal  ;  and 
the  end  A  is  fealed  hermetically  •,  in  the  doing  of  which,  the  end 
of  the  tube  yf,  the  fpirit  and  included  air,  are  heated,  which  ra- 
rifies  the  air  and  fpirit  -,  fo  that  when  the  end  A  is  fealed,  and 
the  tube  cools,  the  fpirit  contracts,  and  there  is  a  vacuum  made 
in  the  top  of  the  tube.  And  therefore  the  fpirit  expanding  and 
contraAing  by  heat  and  cold,  has  liberty  to  rife  and  fall  in  the 
tube.  This  ball  and  tube  is  enclofed  in  a  frame,  which  is  divid- 
ed into  degrees.  Then  as  the  top  of  the  fpirit  rifes  or  falls,  the 
divifions  will  fhew  the  degrees  of  heat  or  cold.  Thefe  divifions 
are  arbitrary,  and  therefore  two  thermometers  will  not  go  to- 
gether, or  fhew  the  fame  dtrgrees  of  healt  and  cold  -,  except  they 
be  made  to  do  fo  by  graduating  them  both  alike  by  obfervation. 

G  g  2  This 
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This  i';  commonly  pu:  in  the  fame  cafe  with  the  barometer,  fig.  218. 
There  are  oiher  iorts  of  thermomete-s.  CD  is  a  ball  with 
a  long  neck  open  at  the  end  D,  partly  filled  with  tinged  fpirit 
of  wme,  an  1  put  with  the  open  end  into  th(;  veiTel  D,  near  the 
bottom;'  which  veflel  is  half  full  or  more,  of  th-  lame  fpirit. 
The  too  of  the  tube  CE  is  air.  v  o  in  warm  weather,  when  the 
a-'r  in  C  is  rarified  by  hear,  it  prefT-s  the  fprit  down  into  the 
bjci-irt  £),  and  as  the  {  oint  E  delcends,  the  divifions  being 
m.'.rked  fhew  the  degree  of  heat  -,  or  vvlien  it  afcends,  the  dc- 
o-rces  ot  cold.  But  this  fort  is  affected  with  the  prelllirc  of  the 
aimolphere,  and  therefore  is  not  lo  true. 
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Ex.    LXXXI. 

D/1  is  an  artificial  fountmn.  AE  a  flrong  clofe  vefTel  of  me- 
tal, AB  a  pipe  reaching  near  the  bottom  oi:  the  vefil-1,  and  fol- 
dered  clofe  at  A.  F,  A  two  cocks.  If  the  cocks  be  opened  and 
vyacer  poured  in  at  A,  till  the  vefiel  be  about  half  full.  ,  Then 
Hop  the  cock  F,  and  with  a  fyringe  injed  the  air  at  A^  till  ic 
be  fufficiently  condenfed  within  the  vefiel.  Then  flop  the  cock. 
at  A^  and  take  away  the  fyringe.  Then  as  foon  as  you  open 
the  cock  at  A,  the  compreffioa  of  the  air  at  C  will  force  the 
uater  up  the  tube  BA,  and  fpout  up  to  the  height  D;  and  a 
little  bail  of  cork  may  be  kept  fuipended  at  the  top  of  the 
llream  D. 

But  an  artificial  fountain  is  moft  eafily  made  thus ;  take  a. 
fi.rong  bottle  G  •,  and  fill  it  half  full  of  water.  Cork  it  well, 
and  t'hrough  the  cork,  put  a  tube  HI  very  clofe,  to  reach  near 
the  bottom  of  the  veffel.  Then  blow  Rrongly  in  at  H,  till  the 
a^r  in  rhe  bottle  be  condenfed  i  then  the  water  will  fpout  out  at 
H  to  a  great  heignt. 

Any  of  thefe  fountains  placed  in  the  fun-fliine,  will  (hew  all 
the  colours  of  the  rainbow  ;  a  black  cloth  being  placed  behind. 

Ex.   LXXXII. 

CpD  is  Archimedes^  vjater  fcrew.  This  is  a  cylinder  turning 
upon  the  axis  CD.  About  this  cylinder  there  is  twifted  a  pipe, 
or  rather  fcveral  pipes  no.pq  running  fpiral  ways  from  end  to  end. 
This  cylinder  is  placed  higher  at  one  end  D,  than  at  the  other. 
And  its  ufe  is  to  fcrew  up  the  water  from  the  lower  end  to  the 
higher.  AB  is  a  river  running  in  diredion  AB.  a^  b,  f,  d  feve- 
ral  floats  fixed  to  the  cylinder.  EF  the  furface  of  the  water. 
Since  the  cylinder  ftands  in  an  inclined  pofition,  the  upper  floats 
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ay  b  are  fet  out  of  the  water,  and  the  under  ones  <:,  d  within  it.  p  j  ^^ 
So  that  the  water  adts  only  upon  che  under  ones  f,  <i;  and  turns  272. 
about  the  cylinder  in  the  order  ^,  h,  c,  d.  By  this  motion  the 
water  taken  into  the  fpiral  rubes  at  the  low  end,  is  by  the 
revolution  of  the  cylinder,  conveyed  through  thefe  pipes,  and 
dilchargtd  at  the  top  into  the  veflel  G.  If  AB  is  a  (landing  wa- 
ter, there  is  no  occafion  for  the  floats  abed.  And  then  the 
cylinder  is  to  be  turned  by  the  handle  at  D.  inilead  of  the 
pipe,  a  ipiral  channel  may  be  cut  round  the  cylinder,  and  co- 
vered clofe  with  plates  of  lead.  The  clofer  theie  fpiral  tubes 
are,  the  more  water  is  raifcd,  but  it  requires  more  force.  Alfo 
the  more  the  cylinder  leans,  the  more  water  it  carries,  but  to  a 
lels  height. 

Ex.   LXXXlIf. 

■  ^L  is  a  rolling  prefs,  for  copper-plate  printing.  DE,  FG,  273. 
two  wooden  roll:'rs,  of  about  12  or  16  inches  diameter,  run- 
ningf  upon  the  ends  of  two  flrong  iron  axles,  that  go  quite 
through  them,  and  are  fixed  in  them.  To  the  axis  of  the  up- 
per one  DE,  is  fixed  the  handle  BAG.  Thefe  rollers  run  in 
brafs  lockets,  and  muft  run  very  true  upon  their  axles,  and 
may  be  brought  nearer,  or  (et  further  from  one  another,  by 
wedges,  in  the  frame  at  P,  R.  HIK  \s  a  flat  table  or  plank,, 
going  in  between  the  rollers,  and  Aiding  freely  upon  the  frame. 
LM  the  frame.  NO  a  flielf  to  lay  the  paper  upon.  When 
the  prefs  is  ufed,  the  upper  roller  is  folded  round  with  flannel, 
that  every  pare  of  the  print  may  take  an  equal  impreflion  ;  and 
a  paper  bottom,  fpread  upon  the  table  HIJK,  where  the  plate  is 
to  lie,  to  prevent  the  indenting  of  the  plank  ;  then  warming 
the  plate  well  over  a  charcoal  fire,  and  rubbing  it  with  the  fore 
of  ink  proper  for  it,  and  laying  it  upon  the  paper  bottom,  on  the 
table  at  H.  Take  the  printmg  paper,  and  laying  it  carefully  up- 
on the  plate,  and  turning  the  handle  CJB,  the  motion  of  the 
roller  DE  tur^is  the  roller  FG,  and  draws  the  table  through 
between  the  rollers,  together  with  the  plate  and  paper  j  and  the 
paper  is  printed. 

Note,  the  paper  mufl:  be  thoroughly  wetted  in  a  trough  ;  and 
after  it  has  laid  about  a  day  or  two,  it  is  then  to  be  paflTed 
through  a  fcrew  prefs,  to  fqueeze  the  water  out,  and  then  it  is 
fit  for  printing. 

The  ink  made  ufe  of  for  printing  copper-plates,  is  made  of 
the  ftones  of  peaches  and  apricots,  the  bones  of  fheeps  feet 
and  ivory,  all  burnt  •,  this  is  called  Francfort  black.  This 
mufl  be  well  ground  with  nut  oil,  that  has  been  well  boiled  ;  and 

then 


2-^0  D  E  S  C  R  I  P  T  I  O  N    OF 

„  ,  ^    then  it  is  fit  for  ufe.  But  the  beft  ink  is  faid  to  be  brought  from 
««-    Holland, 
^73-  Ex.   LXXXIV. 

274.  The /r^  ^«^/»^  to  raife  water.  LL  \%  z  great  beam  or  XezvtVj 
about  24  feet  long,  a  feet  deep  at  lead,  and  near  2  feet  broad. 
It  lies  through  the  end  wail  IV  of  the  engine  houfe,  and 
moves  round  the  center  a,  upon  an  iron  axis.  CC  a  hollow  cy- 
linder of  iron,  40  inches  diameter,  or  more,  and  8  or  9  feet 
long  ;  P  the  pijtcn  fuliained  by  the  chain  LP.  F  the  f  re-place 
under  ground  ;  BB  the  boikr  12  feet  diameter,  which  commu- 
nicates wuh  the  cylinder,  by  the  hole  2,  and  throat  pipe  £", 
6  or  8  inches  diameter.  The  boiler  is  of  iron,  and  covered 
over  clcfe  with  lead  :  in  this,  the  warer  is  boiled  to  raife  a 
lleam.  45  is  the  re  uloior,  being  a  plate  within  the  boiler, 
which  opens  and  fhuts  the  hole  of  communication  2  ;  this  is  fixed 
on  the  axis  34  coming  through  the  boiler,  on  which  axis  is  fixed 
the  horizontal  piece  ^3,  called  the  fpanmr  •,  fo  that  moving  h 
back  and  forward,  moves  the  plate  45  over  the  hole  2,  and 
back  again,  hi  is  a  horizontal  rod  of  iron,  moveable  about  the 
joint  h.  xyedl  a  piece  of  iron,  with  feveral  claws,  called  the 
wye^  moving  about  the  axis  de^  in  a  fixed  frame.  The  claw  d 
is  cloven  at  / ;  and  between  the  two  parts,  paflies  the  end  of  /?/, 
with  two  knobs  to  keep  it  in  its  place.  AA\s  ihtijjorking bea^n^ 
in  which  is  a  fiit,  through  which  the  claws  Ar>'pafs,  and  are  kept 
there  by  the  pin  q  going  between  them.  DDD  is  a  leaden  pipe, 
called  the  i?i;e^ion  pipe,  carrying  cold  water  from  the  cijlern  S, 
into  the  cylinder  CC,  and  is  turned  up  at  the  end  within  the  cy- 
linder. /  the  i72Je5iion  cock,  to  which  is  fixed  the  iron  red fg,  lying 
horizontal.  The  end  g  goes  through  a  flit,  in  the  end  of  the. 
piece  rg,  and  on  the  end  is  a  knob  Icrewed  on,  to  keep  it  in. 
pcbrg  a  piece  of  iron  with  feveral  claws  called  the  eff^  moveable 
about  the  axis  be.  The  claw  rp  goes  through  the  flit  in  the 
beam  JJ,  and  is  kept  there  by  the  two  pins  0,  n  :  the  claw  rg 
goes  over  the  piece  ^/:  as  the  piece  ^/  is  moved  back  and  for- 
ward, the  injedlion  cock/  opens  and  fhuts.  1,  i  ^<r.  are  feve- 
ral holes  in  the  beam  /lA,  that  by  fliifting  the  pins,  ferve  to  fee 
the  pieces />,  x,  y,  higher  or  lower,  as  occafion  requires.  iV  is 
the  Jhiffing  clack,  ballanced  by  a  weighc,  and  opening  outwards, 
to  let  out  the  air  in  the  cylinder,  at  the  defcent  of  the  pifton.  In 
fome  engines  a  pipe  goes  from  it  to  convey  the  fteam  out  of  the 
houfe.  G  is  a  leaden  pipe,  called  the  Jinking  pipe,  or  educlion 
pipe,  going  from  the  cylinder  to  the  hot  well  li;  it  is  turned  up 
at  the  end,  and  has  a  valve  opening  upwards  j  this  carries  away 

the 
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the  water  thrown  in  by  the  cold  water  pipe,  or  injedion  pip 
/  is  i\\t  feeding  pipe,  going  from  the  hot  well  to  the  boiler,  to  274. 
fuppiy  it  with  water,  by  a  cock  opening  at  plcafure.  /,  z  are  two' 
gage  pipes,  with  cocks,  one  reaching  a  little  under  the  iurface  of 
the  water  in  the  boiler,  the  other  a  littie  (hort  of  it.  By  open- 
ing thefe  cocks,  it  is  known  when  there  is  water  enough  in 
the  boiler  \  for  one  cock  will  give  fteam,  and  the  other  water  -, 
they  (land  in  a  plate,  which  may  be  opened,  for  a  man  to  go 
into  the  boiler,  to  clean  or  tnend  it.  m  is  the  puppet  clack  ; 
from  this  a  wire  comes  through  a  fmall  hole,  to  which  is 
fixed  a  thread  going  over  a  puliey,  with  a  fmall  weight  at  it  ^ 
the  weight  on  the  clack  m  is  about  a  pound  for  every  fquare 
inch.  2Z  the Jlram pipe  going  from  the  clack, out  of  the  houfe. 
When  the  fteam  in  the  boiler  is  too  ftrong,  it  lifts  up  the  pup- 
pet clack  nty  and  goes  into  tfi"e  fteam  pipe  i^Z,  by  which  it  is 
conveyed  away  ;  otherwife  the  boiler  would  burft.  KK  a  pipe 
carrying  water  from  the  ciftern  S,  into  the  cylinder,  to  cover 
the  piiton  to  a  good  depth,  /a  cock  opening'  to  any  wide- 
nefs,  that  the  water  may  run  in  a  due  quantity  ;  M  a  hole  to 
let  it  out,  through  a  pipe,  into  the  hot-well  H,  when  there 
is  too  much.  FFF  a  force  pump,  with  a  bucket  and  clack, 
and  two  valves  opening  upwards.  This  pump  is  dole  at 
the  top  R,  and  bting  wrought  by  the  leaver  LL,  it  brings 
water  out  of  a  pit,  into  the  ciftern  S.  ^  the  pit  where  water 
is  to  be  raifsd.  X,  X,  ih^fpears  which  work  in  wooden  pumps 
within  the  pit.  The  cylinder  is  fupported  by  (Irong  beams  as 
7,  8,  going  through  the  engine  houle  •,  6,  6  is  the  firft  ftoor ; 
7,  7  the  upper  floor.  At  0,  in  the  t-nd  of  the  beam  CL,  there 
arc' two  pins,  which  ftrike  againft  two  Iprings  of  wood,  fixed 
to  two  timbers,  lying  on  each  fide  the  great  leaver  LL  ;  thefc 
pins  ffrve  to  ftop  the  beam,  and  hinder  the  pifton  commg  too 
,  iovv  in  the  cylinder. 

When  the  engine  is  to  be  fet  to  work,  the  water  in  the 
boilrr  muft  be  made  to  boil  lb  long,  till  the  fteam  is  ftrong 
en:  ugh  ;  which  is  known  by  opening  the  cocks  i,  /.  Then  the 
hole  2  is  opened,  by  inoving  thr  fpanner  b^  by  hand  ;  then 
the  fteam  is  let  into  the  cylinder,  which  lets  th:  t  end  cf  the 
beam  LC  rife  up  •,  th  s  raifts  the  working  bram  JJ,  moves 
the  eff  prg,  which  moves  gf,  ana  opens  the  coid  water  cock/: 
at  the  fanie  time  is  moved  the  wye  xyi,  which  draws  ib,  and 
ftiuts  the  hole  2.  The  cock  /  being  open,  the  cold  water  rufti- 
ing  into  the  cylinder,  is  thrown  up  againft  the  pifton,  and  de- 
fcending  in  fmall  drops,  conrienles  the  hot  ranfied  fteam,  and 
makes  a  vacuum  under  the  pifton.     Confequently  the  weight 

of 
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J,  ,  Q  of  the  atmofphere,  prefTing  upon  the  pifton,  brings  down  the 
end  LC,  which  raifes  the  other  end  Li^,  which  works  the 
pumpG  X^  X.  As  the  end  LC  dcfcends,  the  working  plug  AA 
defcends,  and  moving  the  eff,  prgf^  and  the  wye,  xyslh^  fhuts 
the  cold  water  cock  /,  and  opens  the  hole  2,  and  the  ftcani 
ooes  into  the  cylinder,  which  takes  off  the  preffure  of  the  at- 
mofphere;  and  the  end  L^  defcends  by  the  weight  of  the 
fpears  A',  X-^  and  the  end  LC  afcends  as  before,  which  opens/, 
and  (huts  2.  So  by  the  motion  of  the  beam  AA  up  and  down, 
the  cock/,  and  hole  2,  (hut  and  open  alternately  :  and  by  this 
means  of  condenfing  and  rarifying  the  fteam  by  turns,  wirhin 
the  cylinder,  the  leaver  or  beam  LL  conftantly  moves  up  and 
down  J  by  which  motion,  the  water  is  drawn  up  by  the  pumps, 
and  .delivered  into  troughs  within, fhe  pic,  and  carried  away  by 
drifts  or  levels.  At  the  fame  time,  the  motion  of  the  beam  LL 
works  the  pump  VRV,  and  raifes  water  into  the  ciftern  S. 

When  the  engine  is  to  ceafe  working,  the  pins  ;/,  0  are  taken 
out,  and  the  cold  water  cock  is  kept  clofe  iliut,  while  the  end 
LC  is  up. 

The  diameter  of  the  pumps  within  the  pic,  is  about  8  or  9 
inches  ;  and  the  bores  of  the  pumps  where  the  fpears  X,,  X, 
work,  fhould  be  made  wide  at  the  top  •,  for  if  they  be  Itrair, 
more  time  is  required  to  make  a  ftroke,  and  the  barrels  are  in 
danger  of  burfting.     Likewife  if  water  to  be  raifed  from   a 
great  c'epth  at  one  lift,  the  pumps  will  be  in  danger  of  burft- 
ing ;  therefore  it  is  better  to  make  2  or  3  lifts,  placing  cillerns 
to  receive  the  water. 
292.        The  fpears  or  rods,  that  work  in  the  pumps,  confifting  of 
feveral  lengths  are  joined  thus  ;  each  piece  has  a  ftud  a,  and 
a  hole  b  -,  which  are  made  to  fit  ;  and  the  ftuds  of  one  being 
put  clofe  into   the  holes  of  the  other,  and  the<^iron  collar  g 
drove  upon  them  to  the  middle  d,  they  are  firmly  fixe  together. 
^j.^       There  is  never  made  a  perfed  vacuum  in  the  cylinder-,  for 
as  foon  as  the  elaftic  force  of  the   fteam   within  is    fufficiently 
diminifhed,  the  pifton  begins  to  defcend.    The  vacuum  is  fuch, 
that  about  81b.  prtfTes  upon  every  fquare   inch  of  the  pifton, 
or  in  fome  engines,  not  above  61b.     This  eng'ne  will  make 
13  or  14  ftrokes  in  a  minute,  and  makes  a  6  foot  ftroke.4  but 
the  larger  the  boiler  is,  the  fafter  ftie  will  work.     A  cubic  inch 
of  water  in  this  engine,  will  make  13340  cubic  inches  cf  fteam  -, 
which  therefore  is   15  times  rarer  than  conr.mon  air.     But  its 
claftic  force  within  the  boiler  is  never  -rV  ftrr.nger  or  weaker 
than  common  ai  j  if  ftronger,  it  would  force  the  water  out  of 
the  fecd.i^g  pipe. 

This 
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This  engine  will  deliver  30c  hoglheads  of  water  in  an  hour, 
to  the  height  of  60  fathom,  and  confumes  about  30  buflieis 
of  coals  in  12  hours.  ^'^'^" 

In  fome  engines  there  is  a  different  contrivance  to  open  and  29 '^, 
fhut  the  regulator,  which  is  perforrfied  thus  -,  as  the  beam  i^^ 
afcends,  it  raifes  G^^  turns  the  wye  ^GCED^  about  the  axis 
AB  j  and  the  weight  C  falling  towards  B,  the.  end  E  ftnkes  a 
fmart  blow  on  the  pin  /,,  and  drives  the  fork  FL  towards  L; 
which  draws  the  fpanner  PO  towards  L,  and  (huts  the  regula- 
tor. And  when  the  beam  ij^defcends,  a  pin  in  it  purs  down 
the  end  4,  and  turns  the  axis  AB^  and  the  weight  C  defcend- 
ing  towards  5,  throws  the  end  D  of  the  wye  againft  L,  which 
moves  PO,  and  opens  the  regulator :  the  fpanner  PO  Aiding 
upon  the  horizontal  piece  0.  There  is  a  cord  ron^  fixt  ar  r,  n^ 
and  the  top  of  the  wye  0,  to  hinder  it  from  going  too  far  op 
each  fide. 

Likewife,  for  opening  and  fhutting  the  injf(5i:ion  cock  j  in- 
Oead  of  the  pieces  rg-,  gf  of  the  eff  (fig.  274.)  fome  engines 
have  quadrants  of  2  wheels//,  /,  .with  teeth,  v/hlch  moving 
one  the  other,  opens  or  (huts  the  cock  /,  of  the  injection  pipe  K. 

In  fome  engines  there  is  a  catch,  held  by  a  chain  fixt  to  the 
grear  beam  ;  and  this  catch  holds  the  eff  from  falling  back, 
and  opening  the  cold  water  cock  ;  till  the  rifing  of  the  beam 
pulls  the  catch  up  by  the  chain,  and  then  the  qff  falls, 

A  calculation  of  the  cylinder  and  pump  of  the  fire  engine. 

■If  it  be  required  to  make  an  engine  to  draw  any  given  num-   274. 

ber  of  hogllieads  of  water  in  an  hour,  from/  fathom  deep,  to 

make  any  number  of  (Irokes  in  a  minute,  by  a  ,6  foot  ftroke. 

Find  the  ale  gallons  to  be  drawn  at  i  ftroke,  which  is  eafily 

found  from  the  number  of  (Irokes  being  given. 

Let  g  —  number  of  ale  gallons  to  he  drawn  at  i  Jlroke. 

■p  n  pump's  diameter.       1   •     •    i 
^       ^  r  J  ■■>    J-       .       r  in  inches, 
c  —  cylinder  s  diameter,  3 

Then  p  -  v/^ 

And  fuppofing  the  prefTure  of  the  atmofphere  on  an  inch  of 

the  pifton,  to  be  71b. 

Then  c  =  Ps/^^-  w'il:^. 

Note,  if  inftead  of  7,  you  fuppofe  the  preffure  of  the  atmo- 
fphere to  be  /  pounds ;  and  inltead  of  a  6  foot  ftroke  to  make 

an  r  feet  ftroke  j  then  />  =:  \/ —  x  5^,  and  f  =  v/  '-^'^  — . 

H  h  Ex. 
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DESCRIPTION     OF 
Ex.  LXXXV. 


yr,  /IB  is  iht  it-aicr  engine  to  quench  fire.  Z),  E  are  two  pumps 
5  inches  diameter,  having  each  a  clack  a,  h  opening  upwards. 
CO  a  lar^e  copper  air  vtfd  9  inches  diameter.  J  his  vefTci 
ilands  upon  a  lUong  plate  kzv^  5  or  6  inch^rs  above  tlie  bottom 
ot  the  chell  NM.  S2^  is  a  brafs  pipe  coming  through  the  end 
,  of  the  chclt  at  S ;  and  at  T  it  divides  into  two  cavities  going 
undepthe  copper  pot  CO,  to  the  two  pumps  E,  D.  The  ca- 
vit'-  ^7^  leads  to  the  pump  E.  And  dirtclly  above  this  cavity 
ac  JV^  there  is  another  cavity  jy,  communicating  with  the  pump 
E.  And  above  the  cavity  y  is  placed  the  valve  r,  opening  up- 
wards into  the  copper  pot  CO,  from  this  cavity,  'i'here  are 
tlje  like  cavities  belonging  to  the  pump  D -,  the  firft  going  to 
the  valve  a  ;  the  other  from  the  pump  to  the  valve  s  of  the 
copper  pot.  Thcl'c  cavities  are  made  of  hollow  pieces  of  brafs 
jcrrwcd  faft  together.  Z  is  a  cock,  through  which  are  two 
pafia^es,  one  alono;  the  pip^  ST,  and  another  at  the  fide  of  the 
P'pe  into  the  cbeft  NM.  'i  his  cock,  by  turning  the  handle  ce, 
opeDS  one  paffage  and  Ihuts  the  other,  as  there  is  occafion. 
Xx  a  leather  pipe  to  be  fcrewed  on  the  end  6",  to  draw  wa:er 
out  of  a  well  or  river. 

PR  is  the  carduit  pipe  reaching  near  the  bottom  of  the  veffel 
CO.,  and  foldcred  clofe  into  the  top  of  it.  At  R  and  ^  are 
fcrews,  fo  that  the  pipe  may  be  turned  in  any  direction  by  the 
man  that  holds  it.  And  zi  V  2.  copper  pipe  muft  be  fcrewed 
on,  or  elfe  a  long  leather  one,  which  being  flexible,  is  carried 
into  rooms  and  entries.  HI  an  iron  axis,  to  which  the  iron 
leavers  EG,  LK  are  fixe.  Ths  axis  moves  in  lockets  about 
//,  /,  which  are  fcrewed  hard  down.  EK,  GL  two  wooden 
handles  fixt  to  the  leavers  to  work  them  by.  gh,  pi  are  cwo 
arches  of  iron  fixt  on  the  axis  HI.  Jd,  myi,  the  (banks  of  the 
piftons,  being  two  ftrong  rods  of  iron,  fg.,  ht,  Iq  mp  four  iron 
chains  fixt  '^i  f,  g  \  and  b,  /  ;  and /,  ^  •,  and  a  m,p.  At/ 
and  m  arc  fcrews  to  fcrew  the  chains  tght  :  thefc  chains  work 
the  pumps.  For  when  EK  is  put  down,  the  chain  fg  pulls, 
down  the  rod  of  the  pifton /^.  And  when  EK  is  railed,  the 
chain  lb  pulls  it  up  again.  And  the  fa.v-r  way  thr  chains  /j, 
-  mp  railc  and  deprt-fs  the  pifton  >nn.  In  fime  engines  there 
are  two  arches,  like  hg,  ip.,  fixt  near  the  er  d  /  of  the  axis, 
and  chains  at  them  ;  from  t.he  ends -of  «-hich,  as  alfo  from  / 
and  q  two  boards  arc  lul.pended.  T\)  fe  Dc-ards  fcrve  for  treadles 
foe  men  to  Hand  upon,  to  help  to  work  the  engine. 

The 
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The  veflcl  C(!>  and  two  pumps  are  inclolcd  in  a  che-n:  AI'Ij  f  ig. 
and  the  whole  machine  moveable  on  wheels.  The  fore  axie-  zy:. 
tree  turning  on  a  bolt  in  the  m'ddlcj  for  the  conveniency  of 
turning  to  either  fide.  But  there  are  a  great  many  forms  of  thefe 
engines.  In  fome  the  leaver  lies  crofs  over,  in  others  length- 
ways i  in  fome  there  is  no  chain  work,  but  only  pins  for  the 
piftons  to  move  upon. 

When  the  engine  is  to  play  ;  if  it  is  by  the  v/-?er  in  a  ;iver, 
(j^€.  the  pipe  Xx  muft  be  I'crcwed  on  at  6\  and  the  end  x  put 
into  the  water.  But  if  water  is  to  be  fer.ched,  it  muft  be 
poured  into  the  cheft  M,  which  runs  through  the  holes  T,  into 
the  body  of  the  engine  N.  Then  turning  the  cock  ceZ  to  open 
the  proper  communication  5  the  handles  P^K,  GL,  m>ufl:  be 
moved  up  and  dov/n  by  men  5  by  which  means  water  is  drav/n 
into  the  pumps  £,  Z),  and  forced  into  the  veflcl  CO,  and  cut 
of  the  pipe  PR.  For  the  pifion  mm  being  raifed,  the  water  is 
drawn  along  the  cavity  ZTPF^  through  the  valve  b  into  the 
pump  E ;  and  when  mn  is  deprefled,  the  valve  Z'  fhuts,  and  the 
water  is  forced  into  the  cavity  j?,  through  the  vnlve  r,  and  into 
the  pot  CO ;  which  cannot  return  for  the  Ihuttino;  of  the  valve 
r,  when  the  pifton  ;;/;;  rifes  again.  And  the  like  for  the  other 
pUmp  D.  Since  the  pifton  of  one  pump  goes  down  whilft  the 
other  goes  up,  the  watei*-  is  forced  by  turns  into  the  veflel  CO, 
by  thefe  two  pumps  ;  fo  that  there  is  always  water  going  in. 
And  the  air  confined  at  top  of  the  veflel  at  C  being  condenfed, 
will  prefs  the  water  up  the  pipe  Pi?^^,  and  make  it  flow  with 
a  continual  ftream.  If  the  water  in  C  be  compreflTcd  into  half 
the  fpace,  it  will  force  the  water  to  30  feet  high. 

In  fome  engines,  there  is  another  pipe  as  Pi?,  coming 
through  the  copper  pot,  and  through  the  fide  of  the  engine, 
and  thefe  two  pipes  may  play  both  at  once,  if  there  is  oecafion. 
And  if  not,  the  end  of  one  is  fcrewed  up. 

Ex.   LXXXVI. 

A  jhip.     This  is  the  nobleft  machine  that  ever  was  invented.   276. 
it  is  lo  compounded,  and  confifts  of  fo  many  parts,  that  it  would 
require  a  whole  volume  to  dsfcribe  it.     Some  of  the  principal 
parts  are  thefe. 

A  the  hull.  E  the  ftern. 

B  the  bow.  P' the  ancient  ftaff  and  enfign. 

C  the  forecaftle.  G  the  poop-lantern. 

D  the  main  deck.  R  the  rudder. 

H  h  2                                         J  the 
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D  E  S  C 

R 

I 

P  T 

I  0  N     OF 

/  I  he  bowfprit. 

T  the  crane-line. 

K  I  lie  tbre-mafl. 

Z 

the  anchor,  to  which  the 

L  the  main- malt. 

cable  is  fixt. 

.V/  the  mizen-maft. 

A'  top- ma  (Is. 

I 

Main-lifts. 

0  top-gallant  marts. 

2. 

Fore-braces. 

P  (ai's 

0 

Main-top-l"ail-(heets. 

i^  yards. 

4- 

The  fore-tai  ks. 

R  vant^s. 

5- 

Fore-top  fail  clew-lines. 

•^  the  jack. 

6. 

Main-top- fail-Ieetch-lintrs. 

'/■  the  pendant. 

7- 

Fore-bunt-lincs. 

y  ftays. 

8. 

Mizen-bow-lines. 

rv  main-ftay,  65'--. 

9- 

Main-top  fail-halliards. 

fV  fhrowds. 

And  the  like  for  the  rell 

Jf  ma^n-top-maft  back-fta 

'y» 

of  the  falls. 

^c. 

Moll  of  the'e  ropes  are  for  holfting  the  fails,  and  fetting 
them  in  a  proper  pofition  to  the  wind.  For  the  wind  always 
ads  perj^endicularly  upon  the  plane  of  any  fail  j  and  urges  the 
fhip  in  direcl:  on  of  that  perpendicular.  And  by  the  help  of 
the  rud;^er  //,  (he  is  made  to  keep  any  diredion  required.  For 
if  the  rudder  be  put  about  to  any  fide  -,  the  water  (as  the  fhip 
moves  along)  will  a6t  violently  againft  it,  and  drive  the  ftern 
the  contrary  way,  or  her  head  the  fame  way,  as  the  rudder.  A 
iliip  with  a  fair  brifK  wind  will  fail  8  or  10  miles  an  hour. 

That  any  one  fail  may  have  the  greateft  force  to  move  a  (hip 
forward,  it  muft  be  fo  placed  between  the  point  of  the  wind 
and  the  fliip's  way,  that  the  taj7.  of  the  angle  it  makes  with 
the  wine,  may  be  twice  the  tan.  of  the  angle  it  makes  with 
the  fhip's  way. 

When  the  rudder  is  fet  to  an  angle  of  547  deg.  with  the 
keel,  it  has  the  greateft  force  to  turn  the  (hip,  and  make  her 
anfwer  the  helm. 
■^01.  Becaule  the  figure  of  a  (hip  is  the  caufeofher  going  well  or  ill, 
and  of  making  more  or  lefs  way  through  the  water  -,  I  (hall 
here  give  the  conftruclion  of  the  fore  part  of  a  vefKl,  that  will 
move  through  the  water  with  the  leaft  pofTible  refiftance. 

Let  LdAcC  be  the  water  liney  or  horizontal  fcdion  of  the 
water  and  the  hull  of  a  fhip,  JB  30  feet,  CD  the  greateft 
breadth  20  feet,  BC  10  feet.  JeE  the  ftem  and  part  of  the 
keel.  Then  the  following  table  (hows  the  length  of  every  or- 
dinate, as  k,  taken  at  the  diftance  JI?,  or  i,  2,  3,  ^c.  feet 
from  yl  \  by  which  the  curve  AC  is  determined. 

Length 
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length 

length 

length 

length 

of  AH 

of  be 

of  AB 

of  he 

in  feet 
I 

in  feet 

in  feet 

in  feet 

0.90 

16 

6.36 

2 

1.48 

17 

6.64 

3 

1.96 

18 

6.92 

4 

2.39 

19 

7-'9 

5 

279 

20 
21 

746 

1-n 

0 

'i'^l 

7 

3-54 

22 

7-99 

8 

'i-'^9 

23 

'i.iS 

9 

4.22 

24 

8.51 

10 

4     5 

2^ 

8.76 

1 1 

4.87 

26 

9  01 

12 

5.i8 

27 

9.26 

13 

5.48 

28 

9-5» 

U 

5.7« 

29 

9  76 

Is 

6.07 

30 

1000 

F  I  G. 
301. 


The  pra^ice  is  thus :  havinur  made  AB  —  ^o  feet,  and  accord- 
inc^ly  divided  it  into  30  equal  pirts  ;  at  the  feveral  points  of 
divifion,  ercft  perpendiculars  to  ,iB,  equal  to  the  lengths  given 
in  the  2i  col.  of  the  table.  The  curve  AcC  drawn  through 
the  ends  of  all  the  ordinates,  is  the  figure  of  thr-  flViponeach  lide. 

The  curve  AeE  which  the  Hem  and  keel  make,  mud  be  the 
fame  curve  as  AeC\  if  the  depth  BH  is  fuppofed  equ.ii  to  BC  \ 
and  the  ordinates,  be,  BE  mult  ail  be  driwn  perpendicular  to 
AB.  Bur  if  the  depth  BE  be  taken  grea  er  or  lefs  than  BC\ 
then  the  ordinates  mufl:  be  taken  greater  or   lefs  in  proportion. 

Again  if  CDE  be  the  fedi.^n  of  the  Ihip,  made  perpendi- 
cular to  the  axis  ABy  or  horizontal  plane  C.iD\  and  ced  be 
any  other  fe^flion  parallel  to  it-,  then  whatever  the  curve  CED 
IS,  ^11  the  fedions  ced  mull  be  fim.lar  to  it. 

if  a  fhip  is  required  to  be  built  either  greater  or  lefs  than 
this ;  then  it  is  only  taking  a  greater  or  lels  length  inftead  of 
a  foot,  and  dividing  it  decima'Iy,  and  ufin^  it  inftead  oi  a  foot, 
to  meafure  off  the  lengths  as  in  the  table. 

Likewife  if  it  was  required  to  have  the  breadth  to  be  greater 
or  lefs  than  is  h-re  affigncd,  whilft  the  length  remains  the 
fame  i  then  it  is  only  taking  a  proportionally  greater  or  lels 
line,  inflead  of  a  foot,  and  letting  off  the  ordinates  be  by  that. 

And 


-38  D  r^:  S  C  Pv  I  P  T  10  N     OF 

J.  J  Q     And  thus  the  rcquifitcs  may  be  altered  at  pleaiure,  ilill  retain- 

-^01.!   '"?  ^'^^  general  conllruftiqn. 

^  *  if  any  fli'p  carpenter  thinks  fit  to  bnild  a  fiiip  according  to 
this  n.oJe',  \t  will  be  f-und  to  move  fal"ier  through  ih-e  water, 
than  any  other  fiiip  of  the  f^me  length,  breadth,  and  depth, 
and  of  a  different  form.  The  form  of  the  curve  is  truly  re- 
prrfcntrd  by  t!ie  curve  ylcC. 

But  it  mull  be  obferved,  that  the  curve  at  C,  the  broadeft 
part  is  not  perpendicular  to  the  ordinate  BC,  but  makes  an 
angle  of  about  76  degrees  :  to  avoid  this,  it  will  be  proper  to 
proJuce  ylB  a  little  further,  and  turn  the  fide  yJC,  at  C,  round 
in  a  curve,  as  quick  as  pofllble.  Or  elfc  make  the  2  or  j  lall 
rerpendicular  ordinates,  fomething  lefs  than  in  the  table,  that 
thi  part  of  the  curve  at  C  may  be  in  a  parallclifm  with  ABj 
as  it  ought;  becaufe  C  is  the  broadeft  part. 

But  thouQ;h  the  form  here  given  is  the  mod  proper  for  fail- 
ing fail:  ;  yet  perhaps  it  may  not  be  fo  comrnodious  as  the  com- 
mon form,  upon  other  accounts,  as  for  the  llowage  of  goods, 
^c.  Yet  privateers  and  (hips  of  war  made  to  purfue  the  enemy, 
ought  to  be  built  as  near  this  form  as  they  can  conveniently. 
For  it  is  a  matter  of  great  moment,  either  to  have  it  in  our 
power  to  come  up  with  a  (hip  we  are  able  to  take,  or  elfe  to 
fiy,  and  efcape  from  one  of  fuperior  force. 

That  a  fhip  may  fteer  well,  the  water  ought  to  come  freely 
and  dirtdlly  to  the  rudder  ;  and  therefore  fhe  muH  not  be  too 
fhort  from  the  midfh  p  to  the  (tern  ;  and  towards  the  ftern  fhe 
mult  rife  well,  and  be  built  very  thin  below,  lefTening  gradually 
to  the  flern-pofl.  Likewife  flie  muft  draw  confiderably  more 
water  abafc  than  afore.  To  carry  a  good  fail,  and  alfo  to  avoid 
rowling,  fiie  mufl  be  made  pretty  deep  in  the  hold.  As  to 
the  dead  work,  or  upper  part  of  the  Ihip,  that  may  be  left  to 
the  fancy  of  the  bulkier,  or  contrived  to  anfwer  fihch  conve* 
nienccs  as  may  be  wanted. 

Ex.    LXXXVII. 

277.  ^T  an  air  pump.  C,  D  two  brafs  cylinders,  2  or  3  inches 
diameter,  and  a  foot  high,  having  two  valves  at  the  bottom 
opening  upwards.  /,  /  two  piftons  working  in  the  cylinders, 
having  two  valves  alfo  opejiing  upwards,  FF  a  handle  going 
upon  the  axis  of  the  wheel  or  lantern  E,  which  wheel  by  the 
teeth,  moves  the  racks  G,  G  -,  and  by  them  the  piftons,  within 
the  cylinders  or  pumps.  JB  a  table  or  plate  fupported  by  the 
pillars  /,  7,  7,  7.     H  the  receiver  of  glafs,  which  by  the  hol- 

6  lovf 


Sedl.  XIII.       COMPOUND     ENGINES.  239 

low  pipe  of  brafs  nooo^  called  the  fwan's  neck,  communicates  p.  j  ^ 
with  the  cylinders  by  means  of  a  hoilow  brals  pipe  P.*^-,  into  277  ' 
which  the  fwan's  neck  pafles.  rrs  a  mercurial  gage,  bein^  a 
glafs  tube  ftanding  in  the  bucket  of  mercury  j,  and  communi- 
cating with  the  pipe  no.  K  a  cock  under  the  table  JB  to  let 
in  air  into  the  pipe  «!?,  and  lb  into  the  receiver,  when  there 
is  occafion. 

When  the  air  is  to  be  drawn  out  of  the  receiver  //,  a  wet 
leather  is  placed  over  the  plate,  and  upon  that  the  receiver  H. 
Then  raifing  the  right  hand  /*',  the  pifton  /  of  the  barrel  D  is 
raifed,  which  takes  off  the  weight  of  the  atmolphere  ;  coni'e- 
quently  the  air  paffes  out  of  the  receiver  77,  throunh  the  fwan's 
neck  »^,  and  through  the  hollow  brafs  Pi^,  through  the  valve 
into  the  cylinder  D.  Then  the  light  hand  F  put  down,  the 
valve  at  the  bottom  of  the  cylinder  D  fhuts,  and  the  air  paffes 
through  the  valve  at  /  .*  at  the  fame  ime  that  the  left  hand 
being  raifed,  draws  the  air  from  the  receiver,  through  jjoPf 
through  the  valve  into  the  cylinder  C.  So  that  by  the  motion 
of  the  handle  FF  up  and  down,  the  air  is  at  length  drawn  out 
of  the  receiver  H,  by  the  pumps  C,  D.  And  the  rarity  of  the 
air  within  the  receiver,  is  known  by  the  height  of  the  mercury 
in  the  tube  rs,  which  is  known  by  the  graduated  frame.  An 
abfolute  vacuum  can  never  be  perfetflly  made.  For  when  the 
fpring  of  the  air  is  fo  weak,  as  not  to  be  able  to  lift  up  the 
valves  at  the  bottom  of  the  cylinders,  no  more  air  can  be  drawn 
out. 

The  handle  F  is  lately  made  to  turn  always  one  way  -,  thus  A  ayS- 
is  a  crank  turned  by  the  handle  F.  NN  the  leader  or  fword 
going  over  the  pin  /,  in  the  wheel  E  Whilft  the  crank  y/  is 
fifing,  it  raifes  the  fide  S  of  the  wheel,  and  when  the  crank  de- 
fcends,  it  thrufts  down  the  fame  fide  S  of  the  wheel  E,  So  the 
racks  are  alternately  raifed  and  deprcffed  as  the  crank  goes  about. 

There  are  feveral  forts  of  glafles  made  ufe   of  tor  the  air   2 ''9. 
pump     As  /f  a  receiver  open  at  top,  covered  with  a  brafs  plate 
and  oiled  leather  at  D,  and  kept  down  by  the  Crofs  piece  EF, 
fcrewed  down  upon  the  pillars  BC,  which  pillars   arc   fcrev/cd 
int-    thr  table  aB  of  the  air  pump. 

Ha  rec-'iver  open   at  top,   with  a   plate  and   collar  of  w-t     280.-. 
leathers  Ky  'hrough  v.hich  goes  the  Oip  wire  GV,  fo  tight  as  to 
let  no  air  in.     This  lerves  to  l:fc  any  thing  u.j  by  the  hook  /. 

MP- is  a  transerr^-r  iV  is  a  plate  and  leather,  on  which 
ftands  the  re^  eiver  M  NF  a  hollow  tube  going  through  the 
plate.  O  a  cock  to  open  ^r  'hut  the  paffage.  '1  he  cock  O  be- 
ing open,  and  ihc  aif  exhaufked   by  the  pump,  and   then  the 

cock 
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PIG.  cock  being  (hut,  the  receiver  and  pipe  may  be  taken  away  frooi 
280!  the  air  pump,  the  vacuum  remaining  in  M 

L  a  receiver  clofe  at  the  top ;  with  infinite  others  of  like 

fort. 

Ex.  LXXXVIII. 

08  London-bridge  ivater-wcrks.  AB  the  axisof  the  water-wheel  CD\ 

which  wheel  is  20  feet  diameter,  and  the  axis  3  htx,  and  19 
feet  lon[^.  E^  E  26  floats  it  foot  broad.  G  a  fpur  wheel  fixed 
to  the  axis  y-B^  8  feet  diameter,  44  cogs  of  iron  •,  this  moves 
the  trundle  // 4t  feet  diameter,  and  20  rounds  -,  HI  its  iron 
axis.  IK  a  quadruple  crank  of  caft  iron  6  inches  fquare,  each 
crcnk  being  a  foot  Jrom  the  axis.  The  crank  is  faftened  to  the 
axis  ut  /,  by  help  of  a  wedge  going  through  both,  which  caufes 
the  crank  to  turn.  /.,  L  four  iron  fpears  belonging  to  the 
cranks,  and  fixed  to  the  4  leavers  MN^  3  feet  from  the  ends  ; 
which  leavers  are  24  feet  long,  moving  on  centers  in  a  frame  of 
wood.  P,  P  four  force  pumps  of  call  iron,  wrought  by  four 
piftons  or  rods,  N.P.  Thefe  pumps  are  7  or  8  inches  diameter, 
having  valves  opening  upward.  O  a  hollow  trunk  of  cail  iron, 
to  which  the  pumps  are  clofe  fixed.  ^2.  fucking  pipe  going  in- 
to the  water.  R,  R  four  hollow  pipes,  7  inches  diameter,  and 
clofe  fixed  to  the  lower  part  of  the  pumps  •,  thefe  pipes  are  clofe 
fcrcwed  to  the  hollow  iron  trunk  S,  into  which  4  valves  open, 
ya  pipe  communicating  with  the  trunk  S,  through  which  the* 
water  is  forced  to  any  height.  There  are  alio  four  forcers  placed 
at  the  ends  Af,  Tkf  of  the  leavers  M,  iV,  and  working  in  four 
more  pumps,  to  which  belong  other  trunks  and  pipes,  O,  ^, 
P,  S.  At  B  the  other  end  of  the  axis,  there  is  placed  exadlly 
the  fame  work  as  at  yf ;  fo  that  the  great  wheel  CD  works  16 
pumps.  There  is  alfo  a  machine  made  of  cog-wheels  and  trun- 
dles, contrived  to  raife  the  great  wheel  as  the  tide  rifes.  The 
great  wheel  will  go  at  any  depth  of  water ;  and  as  the  tide  turns, 
the  wheels  go  the  fame  way  with  it;  but  ftand  ftill  at  high  and 
low  water. 

As  the  gre^t  wheel  is  carried  about  by  the  tide,  it  carries 
round  the  fpur  wheel  G,  which  carries  the  trundle  H  with  the 
cranks  IK^  which  by  the  fwords  Z,  move  the  leavers  MN.  When 
the  end  M  is  pulled  down,  N  is  raifed  with  the  pifton  NP  m 
the  pump  P,  by  which  means  the  water  is  drawn  out  of  the  ri- 
ver through  the  pipe  ^,  into  the  pump  P  •,  and  when  NP  de- 
fcends,  the  valve  (huts,  and  the  v.'ater  is  forced  through  the 
pipe  R,  through  the  trunk  S,  and  along  the  pipe  T  into  the 
town.  And  when  N  rifes  up  again  by  the  motion  of  the  cranks, 
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the  valve  in  S  (huts,  and  that  in  the  pump  opens,  and  more  wa-  y  j  q^ 
ter  riles  through  the  pipe  ^  into  the  pump  P.  And  as  the  281. 
cranks  ftand  every  way,  there  is  always  water  nfing  in  feme  of 
the  pumps  -,  and  Ibme  always  forcing  through  R^  S,  T,  When 
the  tide  is  (trongeft,  the  great  wheel  goes  6  limes  round  in  a 
minute.  This  engine  is  laid  to  raife  30  or  40  thoufand  hogf- 
heads  of  water  in  a  day. 

Ex.   LXXXIX. 

'The  pile  engine  for  Wejiminjler-bridge.     ^^  the  great  cog-wlieel   283. 
fixed  to  the  great  (haft  D.     A/0,  a  trundle  and  fly  turned   by 
the  cog-wheel ;  th.s  is  to  prevent  the  horfcs  from  falling  when 
the  ram  is  diicharged.   B  the  drum  or  barrel  on  which  the  great 
rope  is  wound.    C  a  lels  barrel  on  which  the  rope  L  is  wound, 
carrying  the  weight  TV.  The  ufe  of  this  is  to  hinder  the  follower 
from  falling  too  faft.     The  barrels  BC  are  moveable  about  the 
grtat  axis  D.     The  cog  wheel  and  barrel  B  are  fixed  together 
by  the  bolt  F,  going  through  the  cog-wheel   into   the   barrel. 
£/is  a  leaver  moveable  about  i,  going  through  the  great  (liafc 
D  i  this  lifrs  up  the  bolt  F,  the  end  E  being  made  heavier  by  a 
V eight ;  by  which  means  it  locks  the  barrel  B  to  the  great  wheel 
A.     KI  the  fo.f-cing  bar  going  into  the  hollow  axis  of  the  great 
fhaft  D  ',  this  reits  upon  r.he  leaver  EI.  XTa.  great  leaver  move- 
able about  3,  the  end  X  being  heavier,  which  with  the  end  T 
pre(res  down  the  bar  KI,  thrulTs  down  the  end  of  the  leaver  at 
F\  and  lets  the  bolt  F  defcend,  to  unlock   the  barrel  C.     Z  a 
rope  fixed  atX,  and  going  up  through  the  guides  at  R.    GK2. 
crooked  leaver  moveable  about  2,  the  roller  at  the  end  G  being 
pre(red  with  the  great  rope,  forces  the  end  K  againft  the  catch 
at  K^  and  hinders  the  bar  KI  irom  afcending.     When  the  rope 
H  (lackens,  the  fpring  7  forces  the  end  K  from  the  catch,  and 
the  bar  Kl  afcends.     H  the  great  rope  going  round  the  barrel 
By  over  the  pulley  P,  up  to  the  top  and  over  the  pulley  ^, 
then  down  to  the  follower,  where  it  is  fixed.     T  the  ram  that 
drives  the  piles.     S  the  follower,  in  which  is  fixed  the  tongs  Wy 
moveable  about  the  center.     VV  the  guides  between  which  the 
ram  falls.     At  the  infide  of  the  guides  at  R,  where  they  are  faf- 
tened  together,  there  arc  two  inclined  planes.     At  the  bottom 
of  the  follower  is  a  flit,  to  receive  the  handle  6  of  the  ram  ST,  to 
be  taken  up  by  the  tongs  W.     a,  by  c,  d  timbers  for  horfes  to 
draw  at,  in  direction  abed. 

As  the  hor(cs  go  round,  the  great  rope  H  is  wound  about  the 
barrel  B  j  and  the  follower  S,  and  ram  STare  drawn  up,  till  the 

I  i      '  tonjrs 


242  DESCRIPTIONoF 

tongs  come  between  the  inclined  planes,  which  iqueezing  the 

^o    '   ends  4  4  together,  opens  the  end  5,  and  lets  the  ram  fall  down. 

^^^'   I'hcn  thtf  tollowcr  S  ;akng  hold  ot  the  rope  Z,  railVs  the  end 

Xf  and  dcprefi'ts  th.' end  2^  of  the  leaver  JD",  which  thi  uih 

dvjwn  the  bar  KI,  which  thrufts  down  the  end  FI  of  the  leaver 

Ef,  with  the  bolt  F,  and  unlocks  the  barrel  5,   which   turning 

"     about  the  axis,  the  follower  i'dekends  by  its  weight,  till  it  comes 

to  the  ram  T;  and  the  end  5  of  the  tongs  flips  over  tiie  handle 

6  of  the  ram.     Then  the   rope  H  flackens,  and  the  fpring   7 

tones  the  end  K  from  off  the  catch  at  top  of  the   bar  AY,  and 

lets  the  bar  rife,  and  tlie  weight  E  raifes  the  bolt  F,  and  locks 

the  barrel  B  to  the  wheel  y^-,  and  the  horfcs  ftiil  going  about, 

the  end  5  of  the  tongs  takes  hold  of  the  handle   6,  and    the 

rjm  T  is  taken  up  as  before. 

All  this  machine  is  placed  upon  a  boat,  vi/hich  fwims  upon  the 
water  j  and  lb  is  cafily  conveyed  to  any  place  defired. 

Ex.   XC. 

284.  GH  ^.hlozving  wheel.  AB^  CD  an  iron  crofs  •,  to  this  is  fixed 
the  circle  of  iron  EF.  To  thefe  are  fixed  12  leaves  /,  /,  /, 
which  reach  no  nearer  the  center  than  the  iron  circle,  i,  i,  i 
are  holes,  through  which  the  air  pafTes  into  the  cavities  between 
the  leaves.  There  is  the  fame  crofs  and  iron  circle  on  the  other 
fide,  but  without  any  hole.  Through  the  center  of  both  fides 
is  put  an  iron  axis  and  fixed  there,  and  on  the  further  end  a. 
handle  is  put  to  turn  it  by.  This  v/heel  is  enclofed  in  a  cafe, 
which  juft  touches  the  edges  of  all  the  leaves.  But  the  rim  or 
out  edge  KK  is  at  a  fmall  diflance  from  the  ends  of  the  leaves. 
On  this  fide  or  fiat  of  the  cafe,  there  is  a  hole  left  againfl:. 
the  holes  i,  i,  to  let  the  air  through  ;  the  other  flat  is  clofe.. 
/.Mis  the  fucking  pipe,  being  a  tube  fixed  upon  the  cafe,  fo 
as  to  communicate  wiih  the  cavities,  by  the  holes  i,  i.  G  is 
the  blowing  pipe,  and  is  another  wooden  tube  communicating 
with  the  infideof  the  cafe.  The  axis  turns  upon  two  concave 
pieces  of  metal  fixed  to  the  cafe,  the  handle  being  on  the  back 
fide  of  the  figure,  abed  is  a  thin  ring  of  wood  faficning  the. 
l«:'aves  all  together  ;  and  the  like  on  the  other  fide.  On  thefe. 
rings  are  put  two  circles  of  blanketing  to  go  clofe  to  the  cafe, 
and  alfo  upon  the  iron  circle  EF. 

The  frame  being  fixed,  and  the  handle  turned  about  in  the 
order  BCAD.  The  moiion  of  the  leaves  moves  the  air  very 
fwiftly  to  the  outfide,  which  being  confined  by  the  lim,  is  forced 
in  a  tangent  along  the  tube  G  \  whilft  new  air  afcends  along 
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the  fucking  pipe  LM,  paiTcs  through  the  hole  in  the  frame,  and  p  j  (j-^ 
through  the  holes  i,  i,  into  the  cavities  between  the  leaves  •,  and  284^ 
h  thrown  out  oF  the  wheel,  through  the  blowing  pipe  G. 

If  the  pipe  LM  be  continued  to  the  place  where  any  foul  air 
is,  it  may  foon  be  thrown  out  through  the  tube  G,  and  cti'- 
perfed  abroad.  Gr  if  the  tube  LM  communicate  with  the 
frefh  air,  and  G  with  any  clufe  room,  frefh  air  may  prefently  be 
injected  into  the  room. 

Ex.   XCI. 

AB  an  artificial  feuntai-j  to  play  with  either  end  up.  y:/and  28). 
B  two  cavities  -,  FO,  KB  two  open  pipes,  fixed  to  the  bafons  ac 
K  a.nd  0.  G///and  CDE  two  curve  tubes  open  at  both  ends. 
When  the  fountain  ftands  on  the  end  J,  pour  water  in  at  O. 
Then  turning  the  fountain  like  an  hour  glais  upon  the  end  5, 
the  water  will  defcend  through  tae  pipe  CDE,  and  fpouc  out  ac 
E.  The  air  pafllng  up  the  pipe  OF  to  give  it  liberty.  The  wa- 
ter falling  down  upon  the  bafon  EK,  runs  through  the  pipe 
KB,  into  the  cavity  B.  And  the  fountain  being  turned,  the 
water  will  defcend  through  GHI,  and  fpout  out  ac  /  as  before. 
And  fo  being  turned,  it  will  play  a-frefh  as  often  as  you  will. 

Note,  while  the  jet  £  is  playing,  if  the  end  O  of  the  pipe 
FO  be  flopped  with  the  finger,  the  jet  willceafe  playing  ;  which 
being  taken  off,  it  will  b?gin  again;  and  fo  may  be  made  to 
play  or  (top  at  pleafure. 

Ex.   XCII. 

^F  a  water  barometer.  AD  is  a  fmall  tube  open  11  both  ends,  286. 
cemented  in  the  neck  of  the  bottle  CE.  Then  the  bottle  being 
a  little  warmed  to  drive  out  fome  of  the  air  ;  the  end  A  is  im- 
merged  in  water  tinged  with  cochineal,  which  goes  mto  the 
bottle  as  it  cools.  Then  ic  is  fet  U|^  right,  and  the  water  may  be 
made  to  ftand  ac  any  point  B,  by  fucking  or  blowing  at  A. 
This  is  a  very  fenfible  barometer ;  for  if  it  be  removed  to  any 
higher  place,  a  very  fmall  decreafe  in  the  air's  gravity,  will  make 
the  water  rife  fenfibly  in  the  tube.  This  may  be  made  ufe  of 
to  find  the  level  of  places.  But  it  is  fubjetSt  to  this  inconve- 
nience, that  ic  is  a  thermometer  as  well  as  a  barometer,  the 
leaft  alteration  of  heat  raifing  the  water  in  the  tube.  To  pre- 
vent which,  it  mull  be  enclofed  in  a  vefTel  of  fand  •,  and  then 
the  air  included  in  the  bottle,  will  retain  the  lame  degree  of 
heat,  .at  leaft  for  a  fmall  time. 

I  i   2  E\'. 
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Ex.    XCIil. 


287.  ADOF'xs,  2jcl  d'eau.  AB  the  refervoir  where  the  water  is 
kcpr.  CDIO  the  pipe  of  condu6t,  which  conveys  water  from 
the  refervoir.  O  the  cock,  or  adjutage,  being  a  fmall  hole  in 
a  thin  horizontal  plate,  fixed  upon  the  end  ot  the  pipe,  through 
which  the  water  liows.  O/^*  the  jet  of  water,  fpouiingop  through 
the  hole  0,  vvhirh  defcends  again  in  rhe  ftreams  tE  and  FH. 
OF  the  height  of  the  jet.  AG  the  horizontal  height  of  the  wa- 
ter in  the  refervoir.  If  the  part  l.lO  of  fhe  pipe  of  condiidl  be 
buried  under  the  furface  of  the  water  KHy  and  be  inv  fible  \ 
the  jet  w  11  feem  to  rife  out  of  the  water  KH^  as  in  many  artifi- 
cial fountains. 

The  adjutage  is  fometimes  made  conical,  but  the  bed  fort  for 
fpouiing  highefl:,  is  a  thin  plate  with  a  hole  in  it.  The  bore  of 
the  adjutage  ought  to  incrcafe  with  the  height  of  the  refervoirj 
and  the  larger  the  adjutage,  the  higher  the  jet  will  go,  provided 
the  pipe  of  condutfl  be  lirge  enough  to  iupply  it  with  water. 
Pipes  of  conduct  ought  not  ro  be  made  with  elbows,  but  to  turn 
off  gradually  in  a  curve  as  DIO.  The  diameters  of  pip'S  of  con;- 
dud  ought  at  lead  to  be  5  or  6  times  the  diameters  of  the  adju- 
tage, or  elfe  it  will  not  fpout  fo  high.  If  a  refervoir  be  50  feet 
high,  and  the  adjutage  half  an  inch  •,  the  pipe  of  conduft 
Ihould,  at  leaf!:,  be  3  inches ;  or  if  the  adjutage  be  an  inch, 
which  is  better,  the  pip-  of  condufl  mull  be  6  inches.  And  in 
thefe  cafes  the  jet  will  rife  to  ihe  greateft  height  it  can  have.  In 
general  the  diameter  of  the  adjutage  ought  10  be  nearly  as  the 
fquare  root  of  the  height  of  the  refervoir.  And  if  you  would 
have  the  velocity  in  the  pipe  of  conduct  to  be  the  fame  at  all 
heights  of -the  refervoir,  that  the  fridion  may  nor  increafe  too. 
much  ;  then  the  fquare  of  the  diameter  of  the  pipe  of  conduift 
mull  be  as  the  cube  of  the  diameter  of  the  aojuta^e.  When 
water  is  carried  a  great  way  through  pipes,  the  fridlion  of  the 
pipes  will  diminifh  its  velocity,  and  the  jet  will  not  rife  fo  high. 

A  jet  never  rifes  to  the  full  height  of  the  refervoir.  If  the 
height  be  5  feet  i  inch,  the  jet  will  only  rile  to  5  feet ;  thus 
the  jet  OFwantithe  fpace  FG  of  the  height  of  the  refervoir. 
And  the  defedl  FG  is  as  the  fquare  of  the  height  of  the  refervoir 
OG.  But  fmall^r-r  jets  fall  (hort  more  than  in  that  proportion,  being' 
more  retarded  by  the  refiftance  of  the  air.  The  greateft  jets  ne- 
ver rife  300  feet  high;  for  the  velocity  is  fo  great,  that  the  wa- 
itr  is  dilCpa^ed  into  fmall  drops,  by  the  refiftance  of  the  air.   If 
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a  ball  of  cork  or  light  wood  be  laid  at  F,  it  will  be  fufpended  p  j  ^ 
by  the  pillar  of  water,  and  play  there  without  falling.  287/ 

Ex.    XCIV. 

JGE  is  a  compcundjleelyard,  for  weighing  vaft  weights.  IG^  288* 
CK  two  kavers  moveable  about  B  and  E.  LE^  MB  two  fixed 
pieces,  /f C  a  crofs  bar  lupporting  the  t- nd  C,  and  moveable 
abour  the  pins  A  ana  C.  The  ccnt<  r  of  gravity  of  IG  and  AC  is 
m  B  -y  and  of  CK  md  he  ho-.k  DNy  in  E.  H  the  weight  to  be 
wc^hed  j  /*■  the  ounterpoiff"  movtaMe  along  the  graduated 
leaver  BG,  The  machine  is  hung  upon  the  nooks  at  L,  M. 
Here  the  power  F  i^  to  the  weigh   H^  as  ABxDE  to  CExBF. 

Ex.   XCT. 

ABC\^  a:  borfe  mill  to  ,or'md  corn;  C  the  fpur  wheel  having  294^ 
72  cogs  ;  B  the  lanthern  of  7  rounds  j  yf  ti.e  hopper^  E  the 
_/f?^^i  /S  G  the  two  miU-Jlones.  H  a  leaver  or  ^r;»  8  feet  long, 
going  into  the  axis  D  of  the  great  whrel ;  /  the  tracts  to  which 
one  or  two  horfes  are  yoaked.  As  the  horfe  gocs  about  in  the 
path  I  2  3,  he  draws  the  arm  //,  which  turns  the  great  wheel  C» 
and  this  drives  the  trundle  B  with  the  upper  flone  P,  which 
grinds  the  corn  j  the  corn  is  put  into  the  hopper  A^  ai  d  fall- 
ing into  the  (ho-  E.  runs  through  a  hole  at  top  of  the  Hone  F, 
and  in  b  tween  the  Hones  where  it  is  ground.  KL  is  the  upper 
fijor.     The  whole  is  within  a  hoiife. 

Ex.   XCVL 

AB  a.  lifting Jiock^  fet  perpendicular-,  its  ufe  Is  to  raife  a  great  295^ 
weight.  LO  is  a  Qit  going  through  it,  in  which  there  moves 
the  leaver  CD.  77,  KK  two  lets  of  holes  -,  into  which  goes 
the  pins  G,.  77.  When  the  weight  IV  is  to  be  raifed,  it  is  hung 
on  the  h.ok  and  chain  at  the  end  D  of  the  leaver.  And  the  pin 
G  toeing  put  into  the  firft  hole  /,  and  the  end  C  being  put 
down,  the  orher  end  wiih  the  weight  is  raiTed,  and  then  the 
p!n  77  is  put  into  the  feconJ  hole  A",  under  the  leaver;  then  the 
end  C  being  raifed  to  £,  the  pin  G  is  put  into  the  fecond  hole  /. 
Then  £  being  put  down  to  C,  :ind  the  end  F  raifed,  the  pin  7/ 
is  put  into  the  third  hole  K.  Thus  the  leaver  and  pins  being 
thus  (hifted  from,  hole  to  hole,  the  weight  fV  is  by  degrees 
raifed  up. 
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Ex.    XCVII. 

-96.  A  hoh  gifjj  for  raifing  water.  y^B  a  large  water-wheel  carried 
by  the  water  IV.  C  and  D  two  cranks,  upon  the  ;ixis,  on  each 
fide  the  wheel,  lying  contrary  ways.  EF,  GH,  two  pieces  of 
timber  moving  about  on  the  cranks  C  and  D,  and  alio  move- 
able at  thejoincs  F^  //,  upon  two  pins.  7*7,  IIK  t  vo  beams, 
moving  on  the  axes  L  and  M.  7,  K  two  arches  with  chains  fix- 
ed to  them,  by  means  of  which  the  pumps  O,  TV  are  wroucrhr. 
When  the  water-wheel  goes  about,  one  crank  as  C  pulls  down 
the  bar  EF,  together  with  the  end  F  of  the  beam  7-7,  and  at 
the  fame  time  raifes  the  end  7,  which  draws  the  wate-r  up  in 
the  pump  O.  In  the  mean  time  the  other  crank  D  is  raifing 
the  end  77,  and  deprefilng  the  end  K.  When  by  motion  of  the 
wheel,  the  crank  C  begins  to  afcend,  the  end  7  begins  to  de- 
fccnd,  and  the  end  K  to  afcend.  So  that  one  beam  goes  up 
whilrt  the  ether  goes  down,  and  there  is  always  one  pump 
working. 

Ex.   XCVIII. 

297.  A  gufipozvder-mill.  ^P  the  water-wheel  ;  B  its  axis.  RPS 
the  wacer-courfe.  E  a  fpur-wheel  carrying  the  t\vo  drums  C,  7), 
and  the  rollers  CF^  DH^  to  which  they  are  fixed.  ^,  ^,  ^c.  10 
or  12  pins,  or  cogs  fixed  in  either  roller,  equally  on  all  fides. 
h,  b,  (^c.  10  or  12  peftils,  lO  feet  long,  and  4  or  5  inches 
broad,  armed  with  iron  at  the  bottom  ;  in  thefe  peftils  are  pins 
fixed  to  anfwerihe  pins  a^  a-,  which  lift  them  up  as  the  rol- 
lers turn  round,  to,  to,  ^c.  are  wooden  mortars,  into  which  the 
prllils  fall,  each  mortar  will  hold  about  20  lb.  of  pafte.  0^, 
IK,  LN  are  timbers  through  which  the  peftils  work,  and  fcrve 
to  keep  them  direct. 

The  materials  being  put  into  the  mortars  to,  m  ;  as  the  mill 
goes  about,  the  pins  in  the  rollers  take  up  the  peftils  h,  b  by 
their  pins,  and  when  thefe  pins  go  off,  the  peftils  fall  into  the 
mortars  to,  to,  and  beat  the  ingredients  to  a  pafte.  And  as  thefe 
cogs  are  placed  on  all  fides  the  circumference  of  the  rollers, 
there  will  be  ah-ays  fomc  peftils  rifing,  and  others  falling 
in  a  regular  order. 

Ex.   XCIX. 

298.       -^  '^^^^^  or  engine  to  raife  a  great  weight,  and  keep  it  in  any 
pofition.     AR  a  double  wheel  tor  a  man  to  walk  in  -,  CD  a  fpur- 
wheel 
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wheel  upon  the  fame  axis.  £,  h\  G  are  three  wheels  alfo  fixed  p  ^  ^ 
upon  one  axis,  oF  which  G  is  of  wood,  and  E  is  moved  by  CD.  jqB 
/://is  a  catch  moving  on  the  pin  /,  this  falls  in  between  the 
teeth  of  the  wheel  F.  KLM  a  half  ring  of  iron,  in  which  is  a 
grove,  goir^g  upon  the  edge  of  the  wooden  wheel  G.  NM  a 
piece  of  timber  fixed  to  the  ring  at  M,  and  to  the  leaver  PNy 
and  is  moveable  about  the  pins  M,  IS.  The  leaver  PN  is  move- 
able about  the  center  O.  ^Ji  a  wooden  rod,  reachinq^  to  the 
catch  IH.  P5?^  a  firing  fixed  to  the  leaver  at  P.  VXIV  the 
rope  going  about  the  axis  of  the  great  wheel  to  railc  the 
weight. 

vVhen  the  great  wheel  JBgoes  round,  together  with  CD,  the 
rope  O'^railes  the  weight  Jv.  The  wheel  CD  drives  £,  to- 
gether with  F  and  G  ;  and  the  end  of  the  catch  IH  (lides  rreely 
over  the  teeth  of  the  wheel  F  -,  and  the  motion  being  flopped, 
the  catch  IH  acting  againft  the  teeth  of  I\  hinders  the  wheel 
F  from  turning  back,  and  lb-  keeps  the  weight  IV  fufpencled. 
But  if  you  pull  at  the  firing  T,  it  raifes  the  leaver  PO,  and 
thrufting  the  rod  i^  againft  the  catch,  raifes  it  out  of  the  teeth 
of  the  wheel  F,  and  lets  the  weight  IV  defcend.  But  lell  it  de- 
fcend  too  taft,  the  leaver  PO  is  to  be  raifed  higher,  by  pulling  - 
at  the  firing  2^6",  and'  this  deprefTes  the  end  ON  of  the  leaver, 
and  draws  down  the  piece  NM^  together  with  the  ring  KLM, 
v;hich  ring  being  .drawn  clofe  againft  the  wheel  G,  ftops  the 
motion,  or  regulates  it  at  pieafure. 

Ex.   C. 

An  engine  for  drawing  water.  A  the  cog-wheel,  10  feet  dia-  299, 
meter;  i?  its  axis,  running  in  the  frame  FPFF,  and  on  the 
foot  Z.  C  a  trundle  3  feet  diameter,  K  its  axis  15  or  20  feet 
long,  running  in  the  ftocks  G,  G.  D,  D  two  cranks  of  iron  on 
oppofite  fides  of  the  axis,  and  2  feet  long.  OP^  ^R  two  beams 
moving  upon  an  axis  in  the  frame  SSSS,  PD,  RD  two  rods  of 
wood  or  iron,  reaching  from  the  beams  to  ihe  cranks,  moveable 
about  R  and  P  •,  and  turning  round  on  the  cranks  /),  D.  /,  / 
two  rods  of  iron,  fixed  to  two  chains  that  go  over  the  arches  O, 
^;  and  to  two  piftons  that  work  in  the  pumps  x^y.  E  the  tiller 
to  which  the  horfes  are  yoaked  ;  i  2  3  4  the  path  in  which  the 
.  horftsgo  round.  //,  H,  the  furfacc  of  the  earth.  The  wheel 
A,  and  trundle  C  are  in  a  pit  j  the  axis  K  under  ground  •,  and 
the  cranks  D,  D,  are  in  a  pit. 

When  the  horles,  walking  in  the  ring  1  2  3  4,  draw  about  the 
cog-wheel,  by  the  tiller  E  •,  this  turns  the  trundle  C\  with  tlie 

5  cranks 
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F  I  G.  cranks  D,  D  •,  and  the  rod  PD  being  drawn  down,  pulls  down 
290.  the  end  ot  the  beam  P  \  and  raifes  che  other  end  0,  with  the 
rod  Ix  ;  and  draws  the  water  out  of  the  pump  x.  In  the  mean 
time,  the  other  crank  railes  the  rod  DR^  with  the  etid  Rof  the 
beam  i  and  the  other  end  i^,  with  the  rod  /  defcends  •,  and  the 
pifton  goes  down  into  the  pump^-.  But  as.  the  wlieel  A  goes 
about,  the  rod  RD  is  pulled  down,  and  ij/ rifes  up,  and  draws 
water  out  of  the  pumpjy,  vvhilll  0/and  ihe  pillon  defcends  in 
the  pump  X.  Thus  whilil  one  pillon  goes  up,  the  other  goes 
down,  and  there  is  always  one  pump  difcharging  water. 

Inliead  of  two  cranks,  one  may  have  three  or  four  cranks, 
at  equal  diftances  round  the  axis,  and  thefe  will  move  three  or 
four  beams  i^/<!,  and  work  three  or  four  pumps.  But  beams  of 
timber  fnould  be  put  between  every  two  working  beams,  0/*, 
^^^  for  the  axles  to  run  in. 

Ex.    CI. 

•^ca       AEL  a  tivijling  mill  to  make  thread  or  iDorfted.    B  a  cog-wheel 
3  feet  diameter,  of  33  or  34  teeth.     C  the  drum  of  4.  6,  or  8 
rounds,  going  on  the  fquare  end  of  the  axis  of  the  cog-wheel. 
JD  a  fpur-whecl,  2  feet  diameter,  and    90  or  32  teeth  ;  this  is 
fixed  to  the  reel  E.     The  reel  confifts  of  4  long  pieces  of  wood, 
6  or  7  feet  long,  3  of  which  are  fixed  in  the    og- wheel  D,  and 
are  alfo  fixed  to  one  another  by  crofs  bars  going  through  the  axis 
of  the  reel  -,  the  fourth  long  piece  of  wood  which  compofes  the 
reel,  is  not  fixed  in  the  cog-wheel,  but  may  be  let  nearer  or  fur- 
ther from  the  axis,  by  help  of  the  pins  i,  1,1.     Fa  drum  of 
12  rounds,  carried  by  the  cog  wheel  B  ;  thefe  rounds  are  fixed 
into  the  barrel  G,  of  i  foot  and  0  or  8  inchf-s  diameter.  MNOP 
a  fixed  frame  6  or  7  feet  long,  and  4  feet  broad.     22,  22,  ^c. 
are  whorles,  carried  round  by  the  leathern  belt  IKLIH.    Thrfe 
whorles  run  in  iron  fockets  at  the  bottom  of  the  tra  ne,  and  are 
kept  in  their  places  by  the  fnecks  3,  3,  fixed  to  the  upper  fide  of 
the  bottom  part  of  the  frame ;  upon  the  fpindles  of  thefe  whorles 
are  put  the  bobbings,  with  the  thread  or  woriled.    The  fpindle 
and  whorle  is  reprefented  at  a,  the  bobb'ng  at  /»,  the  bobbing 
with  the  worfted  on  it  at  c.    The  length  of  the  whorle  and  fpin- 
dle is  10  or  II  inches,  length  of  the  bobbing  6  or  7  inches  ;  di- 
ameter of  the  whorle  wnere  the  belt  runs,  about  an  inch  ;  dia- 
meter of  the  bobbing  at  top  it  inch ;  at  the  fmalleft  part  4  o^ 
an  inch  ;  thefe  are  for  worfted.    The  whorles  mav  be  taken  out 
of  the  fnecks  at  pleafure,  and  they  are  kept  in  thele  fnecks  by  a 
feather  put  acrofs  the  flit  through  two  holes.     The  bobbings 

they 
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they  ufe  for  thread  are  reprefented  at  i ;  e'ls  a  piece  of  lead  which  p  j  (, 
goes  upon  the  top  of  the  fpindle  to  keep  down  the  bobbing  :f^g  ^q,^ 
are  two  wires  fixed  in  it,  for  the  thread  to  run  through,  from  the 
bobbing  to  the  reel,  the  diameter  of  the  whorle  about  half  an 
inch.  The  number  of  fnecks,  fpindles,  and  bobbings  on  one 
fide  of  the  engine  is  20  or  24,  that  is  40  or  50  in  all.  4,  4,  ^c. 
are  wires  in  the  upper  part  of  the  frame,  for  the  thread  to  run 
through  from  the  bobbings,  the  number  of  wires  are  equal  to 
the  number  of  fpindles.  Alio  in  the  horizontal  beam  ^Ji  are 
the  fane  number  of  wires,  5,  5,  5,  ^c.  to  direct  the  thread  to 
the  reel.  »,  jj  are  rollers  for  the  edge  of  the  belt  to  move  ov^r. 
6,  6  are  two  hanks  upon  the  reel.  When  the  belt  grows  flack 
by  ftretching,  the  IrameAfiVi?  drove  back,  by  means  of  a  wedge 
Si  and  fo  kept  at  a  greater  dillance  from  the  roller  G. 

The  trundle  C  may  be  taken  off,  and  others  of  more  or 
fewer  rungs  put  on,  as  occafion  requires,  by  lifting  the  end  T^ 
of  the  axis  of  the  keel,  out  of  its  focket  -,  and  the  finer  the 
thread,  the  fewer  rungs  it  muft  have.  The  circumference  of 
the  vetlDE  for  worfted  is  4  feet,  4  inches;  for  thread  is  5 
feet,  5  inches,  > 

When  the  thread  or  worfted  is  wound  upon  the  bobbings,  by 
the  help  of  a  wheel,  they  are  put  upon  the  fpindles,  as  c  ;  and 
then  put  within  the  belt  IKL  under  the  fnecks  2,  2  ;  then  the 
handle  A  being  turned,  carries  the  cog-wheel  B  about,  which 
drives  the  drum  F,  and  the  barrel  G ;  the  barrel  G  moves 
the  belt  in  diredion  IKL  about  the  frame  MNy  which  reding 
on  the  whorles  2,  2,  moves  them,  and  the  whorles  and  bob- 
bings very  fwiftly  about.  In  the  mean  time,  the  drum  C,  is 
turned  round  by  the  axis  of  the  cog-wheel  J5,  and  C  carries 
about  the  fpur-wheel  D  and  the  reel,  with  a  flow  motion.  So 
the  threads  being  put  through  the  wires  4,  5,  and  fixt  to  the 
reel,  thefe  threads  will  be  wrapt  about  the  reel,  and  make  the 
hanks  6,  6  •,  as  many  as  there  are  bobbings.  When  the  hanks 
are  of  fufficient  bignefs,  they  mufl:  be  taken  off  the  reel,  which 
is  done  by  pulling  out  the  pins  i,  i,  and  then  one  fide  of  the 
reel  will  fall  in,  and  the  hanks  flackt,  and  may  be  taken  off 
one  after  another,  by  lifting  the  end  F  of  the  axis  out  of  its 
focket. 

The  double  yarn,  is'c.  is  to  be  wound  tapering  on  the  bob- 
bings, as  at  f,  making  it  broadeft  at  the  low  end,  otherwife 
it  will  not  come  freely  off  the  bobbings,  without  breaking. 

The  frame  work  confills  of  perpendicular  beams  fixt  in 
others  lying  horizontal,  as  defcribed  in  the  figure,  the  breadth 
from  ^  to  ^  being  9  or  10  feet.     The  lower  part  of  the  frame 
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F  I  c.  MN  confifts  of  two  elliptical  pieces,  cut  out  of  boards,  and 
'•00.  let  at  about  a  hand's  breadth  diftance  one  above  the  other,  with 
pieces  of  wood  between.  In  the  lower  (which  is  broader  than 
the  other)  are  the  ibckets,  in  which  the  bottom  part  of  the 
fpindlc  of  the  whorles  move  -,  in  the  upper,  the  fnecks  are  fixt. 
The  part  OP,  in  which  are  the  wires,  is  an  elliptical  piece  like 
the  under  ones,  and  fixt  thereto  by  4  perpendicular  pieces  or 
pillars  of  wood.     All  the  reft  will  be  plain  from  the  figure. 

Ex.   CII. 


AEKF  is  a  clock.  The  different  forms  and  conftru6lions  of 
clocks  are  almoft  as  various  as  the  faces  of  thofe  that  make  them. 
The  following  is  a  common  8  days  clock.  KF  is  the  moving 
part  ;  AE  the  ftriking  part. 

The  work  contained  between  2  brafs  plates  is  as  follows  ;  F 
ihtf.rfi  ov  great  wheel  of  96  teeth  •,  G  the  fecond  wheel  of  60 
teeth,  its  pinion  ^  of  8  leaves  ;  H  the  third  wheel  of  56  teeth, 
its  pinion  ^  of  8  leaves;  /  the  balance  wheel  of  30  teeth,  its 
pinion  /'  of  7  leaves ;  and  K  the  balance.  Likewile  Ai\\Q great 
wheel  of  78  teeth  ;  B  the  pin  wheel  oi  48  teeth,  b  its  pinion  of 
8  leaves  ;  C  the  hoop  wheel  of  48  teeth,  c  its  pinion  of  6 
leaves  ;  D  the  warning  wheel  of  48  teeth,  and  its  pinion  d  of 
6  leaves  -,  E  the  fly^  e  its  pinion  of  6  leaves. 

The  ends  R^  R^  of  the  arbors  of  the  wheels  A^  F  come  thro* 
the  face  of  the  clock,  and  thefe  arbors  are  fixt  in  the  barrels 
P,  P,  of  6  or  7  inches  circumference  •,  and  on  thefe  barrels,  the 
therm  firings  T"/  are  wound,  which  go  round  iwoptdlies  with  the 
weights,  that  carry  the  wheels  about.  Thefe  two  barrels  are 
moveable  round  about  within  the  wheels,  but  are  kept  from 
turning  back,  by  the  catch  S  and  its  fpring,  and  the  racket  wheels 
.^fixt  to  the  barrel.  The  weights  are  wound  up  by  help  of 
the  winch  or  handle  11.  In  the  rim  of  the  wheel  B  are  8  pins^ 
which  as  the  wheel  goes  round,  thruft  back  the  end  5  of  the 
hammer  O,  and  when  it  goes  off  the  pin,  the  fpring  7  makes 
the  hammer  O  ftrike  againft  the  bell  N. 
302.  ^^-^  wheel  C  has  a  hocp  upon  its  rim,  which  is  cut  away  in 
^0^.  0"^  place,  to  let  the  end  2  of  the  delent  fall  in.  In  the  rim  of 
the  wheel  D,  there  is  a  pin  which  ftops  againft  the  end  x  of 
the  arm  wx,  and  hinders  the  wheels  turning  about. 

On  the  nxi^  cp  is  fixt  the  two  pieces  vs,  and  the  detent  i  2. 
On  thf  hX's  qr  is  fixt  two  piicss  wx  and  the  lifter  3  ;  and  on 
the  end  r  of  that  ?xis,  \Hhich  comes  through  the  fore  plate,  is 
put  the  lifter  10,  and  pinned  fail  on* 

8  The 


F  I  G. 

302. 


Sed.  XIII.      COMPOUND     ENGINES.  251 

The  arbor  of  the  wheel  G  comes  through  the  face  ;  upon  this 
arbor  between  the  face  and  fore  plate,  is  put  the  wheel  z  of 
50  teeth,  its  arbor  being  hollow,  and  under  the  wheel  is  put  ^g^ 
the  brafs  fpring  /,  wich  the  concave  fide  upward,  this  fprino- 
having  a  fquare  hole  in  it,  to  fit  the  (houlder  of  the  arbor  ot"  G, 
The  wheel  Z  of  40  teeth  turns  upon  a  fixt  pin  or  axis,  and  is 
driven  by  the  wheel  z.  The  dial  wheel/  of  48  teeth,  is  put 
with  its  hollow  focket  upon  the  arbor  or  fockei  of  z,  then  thi 
face  being  put  on,  their  ends  come  through  it,  and  the  hour 
hand  k  is  put  upon  the  fquare  end  of  /,  and  the  mimite  poititer 
W,  upon  the  end  of  z,  the  wheel  2  being  thruft  dovVn  to  bend 
the  fpring,  and  then  a  pin  put  in  to  keep  it  there  \  the  pinion 
of  Z,  called  the  pinion  of  report,  has  8  teeth,  and  drives  the 
wheel/  and  the  hour  hand.  Now  the  Ipring  /keeps  the  wheel 
z  pretty  tight  upon  the  axis  of  G,  fo  that  G  will  carry  it  about 
along  with  it.  And  if  the  minute  pointer  be  thruft  about,  it 
will  force  about  the  wheel  z,  and  alfo  Z,  and  likewife  /  with 
the  hour  pointer. 

The  arbor  of  the  wheel  A  goes-  through  the  hack  plate ; 
upon  it,  behind  the  plate  is  put  the  wheel  i^  (or  finion  of  re- 
port) of  28  teeth,  and  pinned  there.  The  double  wheel  XT 
is  carried  by  V,  and  turns  upon  a  pin  fixt  on  the  back  of  the 
plate.  The  wheel  X  has  alfo  28  teeth,  and  the  count  wheel  T 
is  divided  into  11  parts  of  unequal  lengths,  according  to  the 
ftrokes  the  clock  is  to  ftrike  at  every  hour  ;  part  of  this  wheel 
is  reprefented  at  s.  A  flender  fpring  is  put  on  with  this  wheel 
to  keep  it  tight.  This  part  may  be  made  more  fimple,  by 
leaving  out  the  wheels  V,  X;  and  putting  T  uprn  the  axis  of  A 
inflead  of  V ;  but  it  muft  be  put  on  the  contrary  way. 

The  arbor  of  the  balance  wheel  /  comes  through  the  fore 
plate,  almoft  to  the  face,  and  through  a  hole  in  the  face  is 
put  the  hollow  focket  of  the  fecond  pointer  12  ;  and  this  fhows 
the  feconds  by  a  fmall  circle  divided  into  60  parts.  And  the 
face  is  alfo  divided  into  two  circles,  (howing  hours  and  minutes. 

The  pendulum  hangs  on  the  fixt  piece  of  brafs  A/,  by  a  but- 
ton at  top,  and  a  thin  piece  of  brafs  going  into  a  flit  at  M, 
and  a  fiat  piece  of  brafs  goes  into  the  Jork  L,  fo  that  if  the 
pendulum  moves,  it  muft  move  the  rod  /vL,  and  balance  K 
along  with  it. 

The  pallats  8,  9  of  the  balance  K,  are  fo  formed,  that  the 
under  fide  of  8,  and  upper  fide  of  9,  where  the  teeth  of  the 
wheel  /a6l,  are  polifiicd  planes  ;  and  made  floping,  fo  that  a 
tooth  Aiding  along  the  under  fide  of  the  pallat  8,  will  force 
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the  balance  K  to  the  left  hand;  and  a  tooth  Aiding  along  the 

202!  upp^r  ^i^^c  o^  t'^"^  P^'^^^  9»  ^'^^  ^^'■^^  ^^  ^°  ^^^  "g^^- 
002!  The  work  is  put  together,  by  fctting  the  teeth  together  that 
are  markc  in  the  wheel  B  and  in  the  pinion  c,  and  iikewife  in 
the  \A  heel  C  and  pinion  d.  Then  the  minute  pointer  is  put  on 
the  arbor  of  2,  mark  to  mark  ;  and  the  hour  pointer  the  fame 
way  on  the  arbor  of/.  And  the  wheels  2;,  Z,  /  are  fct  to  one 
another  according  to  their  marks. 

The  wcighrs  hanging  upon  the  wheels  y/,  F ;  and  the  pen- 
dulum made  to  vibrate,  the  wheel  F  drives  G,  which  drives  H, 
which  drives  /;  then  whilll  the  pendulum  vibrates  to  the  right, 
a  tooth  flips  off  the  pallat  9,  and  in  its  return  to  the  left,  a 
tooth  flips  off  the  pallat  8,  then  on  the  right  another  goes  off 
9,  and  {^o  on  alternately  ;  and  the  weight  caufmg  the  teeth  to 
a6l  againft  the  pallats  of  the  balance,  keeps  the  pendulum  in 
motion  ;  and  the  wheel  /goes  round  in  a  minute. 

As  the  wheel  G  goes  round  it  carries  about  2;,  with  the  mi- 
nute pointer  once  round  in  an  hour ;  z  drives  Z,  which  drives 
/  once  round  in  12  hours.  Whilft  the  wheel  z  goes  round, 
the  pin  nt  raifes  the  lifter  10,  which  lifts  up  the  piece  3,  and 
the  arm  wx  •,  the  piece  3  raifes  the  detent  i  2,  together  with 
vs ;  the  end  2  of  the  detent  being  raifed  above  the  hoop,  the 
wheel  C  moves  about,  and  by  the  oblique  figure  the  end  of 
the  detent  2,  it  raifes  the  end  of  the  detent  higher,  and  alfo 
raifes  s  out  of  the  notch  of  the  count  weel.  Then  the  wheel 
D  turns  round,  till  the  pin  in  the  rim  flops  at  the  end  a",  which 
hinders  the  motion.  But  as  the  wheel  z  goes  further  about, 
the  lifter  10  falls  down  off  the  pin,  together  with  ths  piece 
vjx,  and  latch  3,  which  fuffers  the  wheel  D,  and  the  reft  to 
turn  round  ;  and  the  pin  wheel  caufes  the  hammer  to  ftrike  fo 
often,  till  the  end  s  falls  into  a  notch  of  the  count  wheel,  and 
then  the  detent  2  falls  into  the  vacancy  in  the  hoop,  and  locks 
the  work  ;  which  continues  fo  till  the  next  hour,  that  the  piece 
10  is  raifed  again ;  and  then  (he  ftrikes  as  before  •,  the  wheel  C 
goes  round  every  flroke  of  the  clock  ;  but  (he  ftrikes  i  more 
every  fucceeding  hour,  becaufe  the  teeth  between  the  notches  are 
made  longer  and  longer  in  the  count  wheel ;  and  it  turns  round 
once  in  12   hours. 

General  rules  in  all  clocks. 

In  the  ftriking  part,  the  pin  wheel  being  divided  by  the 
pinion  of  the  hoop  wheel,  the  quotient  Ihews  the  number  of 
pins  in  the  pin  wheel. 

If 


30?. 
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If  78  be  divided  by  the  number  of  pins,  the  quotient  fhews  p  j  q. 
the  revolutions  that  the  pin  wheel  makes  for  one  revolution  of  202. 
the  count  wheel. 

The  hoop  wheel  divided  by  the  pinion  of  the  warning  wheel, 
muft  be  a  whole  number. 

In  the  moving  part,  the  train  is  the  number  of  beats  the 
clock  makes  in  an  hour  ;  which  is  3600,  if  (he  beats  feconds  : 
in  this  cafe  the  balance  wheel  muft  have  30  teeth. 

If  G  turns  round  once  in  an  hour  and  (hews  minutes  ;  then 
the  quotient  of  G  divided  by  the  pinion  of  //,  multiplied  by 
the  quotient  of  H  divided  by  the  pinion  of  /,  and  that  multi- 
plied by  twice  the  teeth  in  /,  muft  be  equal  to  the  train.  And 
if  (he  beats  leconds,  then  the  product  of  the  two  quotients  muft 
be  60. 

If  alfo  G  Ihows  the  hours,  then  the  quotient  of  /  divided 
by  the  pinion  of  Z,  multiplied  by  the  quotient  of  Z  div.dcd 
by  2,  muft  be  12. 

From  the  great  wheel  to  the  balance,  the  wheels  drive  the 
pinions  i  but  to  the  dial  wheel,  the  pinions  drive  the  wheels  j 
the  former  quickens,  the  latter  le(rens  the  motion. 

Any  wheel  being  divided  by  the  pinion  that  works  in  it, 
fhews  how  many  turns  that  pinion  hath  to  one  turn  of  the  wheel. 
As  if  the  pinion  be  5;  and  the  wheel  60,  it  is  fet  down  thus, 

5)  60  (12  times.     Or  thus  -_2_—  12  times. 

5 

The  teeth  of  feveral  wheels  and  pinions  that  work  in  one 
another,  are  fet  down  thus, 

4)  .?6  (9  times 
8)  80  (10  times 
6)  54  (9  times 
5)  40  (8  times 

Orthus-M_X-^X^xl2. 
4865 

In  the  former  way,  the  number  on  the  left  hand  of  any  wheel 
is  the  pinion  that  it  drives ;  and  the  number  over  it  is  the  pi- 
nion on  the  fame  axis.  In  the  latter  way  the  feveral  fraftional 
quanties  reprefent  the  quotient. 

Any  wheel  and  the  pinion  it  drives,  will  have  the  fame  mo- 
tion with  another  wheel  and  pinion,  when  their  quotients  are 

equal. 
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J,  J  ^    equal.     Thus  a  wheel  of  36  drives  a  pinion  of  4,  all  the  fame 
Q2.   3S  a  wheel  of  45  does  a  pinion  of  5  ;  or  a  wheel  of  90  a  pi- 
^Q2_  nion  of  10. 

^  '  In  any  motion  you  may  ufe  one  wheel  and  one  pinion,  or 
elfe  feveral  wheels  and  feveral  pinions,  provided  they  all  give 
the  fame  motion.  Therefore  when  a  number  is  too  big  to  be 
cut  in  one  wheel,  you  may  divide  it  into  two  or  more  quotients. 

In  a  wheel  and  pinion  that  work  in  one  another,  their  dia- 
meters mull  be  as  the  number  of  teeth  in  each.  And  the  dia- 
meter mud  be  meafured,  not  to  the  extremity,  but  to  the  mid- 
dle of  the  tooth,  or  where  they  a6l. 
^Q^^  The  excellency  of  clock  work,  confifts  in  forming  the  teeth 
truly,  and  to  fit  the  notches  exadliy  without  Ihaking,  and  to 
play  freely  ;  the  teeth  muft  be  cue  into  the  forTi  ofcycloids, 
which  ref'-mbles  the  fliape  of  a  bay  leaf. 

A  clock  goes  exa6ler  as  the  pendulum  is  longer,  and  the 
bob  pretty  heavy,  and  to  make  but  fmall  vibrations  ;  and  for 
more  exadinefs,  to  pi  ly  between  two  cycloidal  cheeks  ;  and  the 
longer  the  arms  KS,  Kg,  the  cafier  the  clock  goes.  The 
length  of  a  fecond  prndulum  is  ^9  -^V  inches.  See  the  theory 
of  pendulums  in  Prop.  XL.  XLI.  LVIII. 

The  pallats  8>  9,  are  here  formed  after  the  common  way  : 
but  there  is  anotht-r  way  of  forming  them.  From  the  center 
of  motion  0,  delcribe  two  fmall  arches  ap,  and  ^i.  Thefe  fmall 
lines  or  planes  «,G,  and  <?£,  and  alio  the  working  fide  of  the 
tooth  A^,  muft  all  range  to  n  the  center  of  the  balance  wheel. 
And  the  ends  of  the  pallats  a^,  and  Sr\,  muft  range  a  little 
to  the  right  hand  of  the  center  0.  Then  the  teeth  of  the 
balance  wheel  will  fall  alternately  on  the  fides  a(3,  and  ^i. 
And  any  tooth,  whilft  it  ads  againft  a|3,  or  Si,  will  have  no 
effcd  in  moving  the  pendulum  ;  but  lies  dead,  till  it  makes  its 
efvape  off  the  angle  a  or  ^  ;  and  then  in  moving  along  the 
p!ane  ay,  or  J'n,  it  forces  the  pendulum  to  the  right  or  left. 

But  the  conftruflion  will  be  better  thus  ;  take  6t,  0;p  each 
equal  fo  4  (/J.  From  the  center  t  defcribe  the  arches  a,Q,  Si  ; 
and  let  the  ends  ay,  h-,  range  to  (p.  Or  perhaps  it  may  anfwer 
the  end  as  well,  to  defcribe  «|3,  and  oi,  from  the  center  6  ; 
and  let  the  ading  fide  of  the  tooth  range  (not  to  x,  but)  to  u 
the  outfide  of  the  circle  defcribed  with  the  radius  ku  zi  ^  xn*. 

1  he  inconvenience  of  any  of  thefe  conftrudlions,  is,  that  the 
pallats  are  too  thick,  and  can  hardly  find  room  to  fail  in  be- 
tween the  teeth  of  the  balance  wheel. 


\    aIi  a* 
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Ex.  cm. 


F  I  G. 

304. 


yf5C  is  a  cutting  engine  to  cut  the  teeth  of  clock  wheels.  AC 
an  iron  plate  2-r  feet  long,  and  9  or  4  inches  broad.  EE 
another  plate  iixt  4  or  5  inches  lower.  G  zjlider.  Aiding  along 
a  o-roove  in  the  end  C :  this  is  made  of  feveral  places  of  iron 
fixe  to  one  another  with  fcrews,  and  fitting  clofely  to  the  edges 
of  the  plate,  and  to  the  fides  of  the  groove,  and  likewife  to  the 
upper  and  under  fide  of  the  plate  ;  this  is  to  caufe  it  to  move 
truely  along  the  groove  when  forced  forward  or  backward,  by 
thefcrew  at  /and  its  handle;  for  this  fcrews  through  C,  and 
turns  round  in  a  collar  in  the  end  G.  The  end  of  this  Qider 
turns  up  perpend. cuiar  •,  to  this  is  fixt  the  part  F  by  a  pin  TT, 
which  oocsfquare  into  this  part,  and  through  a  round  hole  in 
F  \  fo  that  the  part  F  can  turn  about  the  fcrew  pin  X,  and 
may  be  fixt  by  turning  the  nut  2  with  the  key  9,  whi^h  nut 
fcrews  upon  thr  end  of   the  pin. 

5  is  a  brafs  wheel  of  96  teeth,  carrying  the  pinion  Z)  of  12 
leaves  ;  thefe  move  between  the  cheeks  LL,  MM-,  which  are 
joined  by  the  crofs  bars  N  and  P  \  thele  cheeks  and  their  ma- 
chinery turn  round  on  the  axis  LM,  in  the  part  F.  /is  the 
cutting  wheel,  whofe  edge  is  nothing  but  a  file  to  cut  the  teeth, 
as  it  goes  about  •,  this  goes  upon  the  arbor  of  the  pinion  D. 
There  are  a  gr-rat  number  of  thefe  cutting  wheels,  of  ditferent 
ftiape  and  bignefs  •,  which  may  be  taken  offthe  arbor  and  others 
put  on  i  thele  parts  are  dcfcribed  at  a^  h^  c^  d \  a  the  pinion 
on  its  arbor,  b  the  cutting  wheel  going  upon  the  arbor  which 
is  odtagonal,  and  fits  it  cxa6lly,  having  the  fides  marked  that 
are  put  to  each  other,  c  a  hollow  piece  which  goes  on  the  fame 
axis  •,  and  the  nuc  d  icrews  on  the  end  of  the  arbor,  to  keep  c 
and  the  wheel  b  fall  on.  The  ends  of  the  arbor  are  hardened 
fteel,  and  pointed  ;  and  this  arbor  runs  between  the  cheeks 
Z.M,  through  which  cheeks  there  goes  2  fcrews,  with  holes  to 
receive  the  points  of  the  arbor  -,  and  thefe  fcrews  are  fet  to  a 
proper  diftance,  by  fcrewing  them  in  or  out  by  help  of  a  key  ^, 
going  on  fquare  upon  the  end,  and  then  the  fcrews  are  lockt 
there,  by  the  nuts  0,  0.  rs  is  a  fpring,  fixe  with  one  end  to 
the  un  ier-fide  of  the  crofs-bar  A^,  and  the  odier  end  s  lying 
upon  the  plate  Al^  and  tiiis  fpring  raifes  the  part  LLMM^ 
when  the  notch  is  cut.  tu  is  a  fcrew  pin  going  through  the 
bar  P,  its  end  u  refts  upon  the  plate  yf/,  and  hinders  the 
wheels  from  drfcending  lower,  i,  i,  are  two^crew  pins,  which 
fcrew  through  LM,  by  help  of  the  key  />,  and  go  with  their 

points 
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F  I  G,  points  Into  /*,  which  has  two  holes  to  receive  them  ;  thefe  pins 
204'.   ^'■^  ^^^^^  ^°  ■^»  ^  ^y  turning  the  two  nuts,  which   alfo  fcrew 
upon  the  pins.     Thefe  fcrew  pins,  nuts,  and  cheeks,  all  turn 
round  together  in  the  holes  in  F. 

His  the  dividmg plate^  being  a  brafs  circular  plate  15  or  16 
inches  diameter.  1  his  plate  is  fixt  to  a  hollow  brafs  axle  ^ 
an  inch  in  diameter;  and  this  axle  goes  through  the  two  plates 
Jly  EE  \  and  both  the  wheel  and  its  axle  turn  about  together  v 
the  lower  plate  cannot  be  feen,  but  is  reprefented  at  R.  Near 
the  edge  of  this  plate,  there  are  24  concentric  circles,  each  di- 
vided by  points  into  a  certain  number  of  equal  parts,  viz.  ^66, 
365,  360,  118,  /GO,  g6,  92,  90,  88,  84,  80,  78,  y6,  72, 
70,  68,  64,  62,  60,  58,  ^6i  54,  52,  48.  The  ufe  of  thefe 
is  to  divide  a  revolution  into  any  number  of  equal  parts,  ac- 
cording to  thefe  different  circles. 

ei  is  an  arbor  going  through  the  hollow  axle  ^R,  with  the 
(houlder  b  againft  the  top  of  that  axis,  then  the  nut  n  is  fcrewed 
upon  the  end  /',  to  keep  it  faft.  m  is  the  wheel  to  be  cut  into 
teeth;  there  is  a  hole  made  in  the  center,  juft  to  fit  the  part^-?, 
which  being  put  on,  and  the  piece  /  above  it,  they  are  then 
fcrewed  hard  down  with  the  nut  k  going  on  the  end  e.  Then 
if  the  wheel  H  be  turned  round,  it  carries  about  with  it  the  wheel 
m.     There  are  feveral  arbors  ei^  for  fitting  difi^erent  wheels  m. 

ii-y  is  a  moveable  index  -,  it  turns  about  a  nail,  as  a  center 
in  the  end  w,  there  being  a  flit  in  it,  to  let  the  bottom  of  the 
fcrew  X  pafs  through  as  it  moves,  y  is  moveable  back  and  for- 
ward, and  may  be  fixt  any  way  by  the  two  fcrews.  2;  is  a  fteel 
point,-  which  moves  along  the  circumference  of  any  circle  you 
require,  from  one  point  to  another.  T  is  the  winch  to  turn 
the  wheel  B ;  2  is  the  handle  to  pull  down  the  machinery  near 
the  plate. 

To  ufe  this  machine.  An  arbor  ei  proper  for  the  wheel  m, 
which  is  to  be  cut,  being  put  through  the  axis  ^,  and  fcrewed 
faft,  as  appears  at  R  ;  and  then  the  wheel  m  and  the  parts  k,  I 
put  on  above  ^,  and  fcrewed  faft.  Loofen  the  fcrew  a:;  and, 
moving  the  index  wy  till  the  fteel  point  z  fall  in  the  circle, 
containing  the  fame  number  of  parts,  the  wheel  m  is  to  be  divided 
into,  there  fcrew  it  faft  with  the  fcrew  x.  Then  putting  on  the 
cutting  wheel  /  proper  for  the  work,  turn  the  handle  and  fcrew 
/,  and  drive  the  machinery  with  the  wheel  /  towards  ^,  till 
the  edge  of  /  lie  juft  over  the  edge  of  the  wheel  m  to  be  cut ; 
there  fix  it  by  the  handle  F -,  and  turn  the  wheel  //till  z  falls 
into  fome  point  of  the  circle  ;  then  take  hold  of  the  handle  5, 
and  pull  it  down,  till/  fails  againft  the  edge  of  ml\  then  hold- 

I  ing 
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ing  it  there  with  one  hand,  turn  the  winch  T  with  the  other;  p  i  c. 
which  carries  about  B^  and  this  drives  D  with  the  cutter/,  and  004. 
this  motion  cuts  a  notch  in  the  edge  of  ;;/,  and  when  it  is  deep 
enough,  the  pin  tu  (properly  fet)  rtops  at  the  plate  y^C,  and  hin- 
ders It  from  going  further.  Then  let  go  S^  and  the  fpring  rs 
raifes  up  the  wheels,  i^c.  This  done,  pull  about  the  wheel  //, 
till  2;  fall  in  the  next  point  of  divifion  ;  then  draw  down  6",  and 
turn  the  machine  as  before,  till  you  have  made  another  cut 
deep  enough.  And  thus  you  muft  proceed,  till  z  has  gone  thro' 
all  the  points  of  divifion  in  the  circle,  and  then  your  wheel  is  cut 
into  its  proper  number  of  teeth. 

When  the  number  of  teeth  wanted  to  be  cutanfwers  to  nvone 
of  the  circles,  take  fuch  a  circle  as  can  be  divided  by  your  num- 
ber, and  if  the  quotient  be  2,  3,  4,  &c.  then  yc  i  muft  fee 
%  to  every  2d,  3d,  4th  point,  Q^:.  fkipping  the  reft.  As  if 
you  want  21  teeth,  take  the  circle  84,  which  divided  by  2 1 
gives  4  ;  lo  that  you  muft  fet  z  to  every  4th  tooth  only,  and 
fo  cut  it. 

A  crown  wheel  may  be  cut  the  fame  way  ;  but  then  the  cen- 
ter of  the  wheel/  muft  be  brought  over  the  edge  of  the  wheel 
to  be  cut,  and  there  fixed.  Alio  oblique  teeth  may  be  cut  in  a 
■wheel  after  the  fame  manner  ;  but  you  muft  firft  eafe  the  fcrew 
Ky  and  then  turn  the  cutting  frame  about  /Cas  an  axis,  till  the 
cutter/  have  a  proper  degree  of  obliquity,  and  there  fcrew  fait 
the  pin  K^  by  the  nut  2,  and  proceed  as  before. 

After  the  teeth  are  cut  with  this  engine,  they  are  ftill  to  be 
wrought  into  their  proper  form,  with  files  fuitable  for  the  bufi- 
nefs ;  and  this  the  workman  muft  do  by  hand, 

Ex.   CIV. 

EH  is  a  glazier^s  v'ce,  for  drawing  window  lead.  PG,  ^Htwo  ^or, 
axles,  running  in  the  frame  KL,  ML.  C,  D  two  wheels  of  iron 
cafe-hardened,  i  ]-  inch  broad,  and  of  the  thicknefs  of  a  pane  of 
glafs  •,  thefe  wheels  are  fixed  to  the  axies,  and  run  very  near 
one  another,  not  being  above  —g-  of  an  inch  diftant ;  acrols  their 
edges  are  feveral  nicks  cut,  the  better  to  draw  the  lead  through. 
iS,  F,  two  pinions  of  12  leaves  each,  turning  one  another,  and 
going  upon  the  ends  of  the  axles,  which  are  fquare,  and  kept 
taft  there  by  the  nuts  P,  .^,  which  are  fcrev/ed  faft  on  with  a 
key.  ^,  B  two  cheeks  of  iron,  cafe-hardened,  and  fixed  on  each 
fide  to  the  frame  with  fcrews  •,  thefe  are  cut  with  an  opening 
where  the  two  wheels  meet,  and  fet  fo  near  the  wheels,  as  to 
kave  a  fpacc  equal  to  the  thicknefs  of  the  lead  j  fo  that  between 

L  1  the 
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_  jQ  the  wheels  and  the  cheeks  there  is  \ti\  a  hole,  of  the  form  re- 
prelented  at  iV,  which  is  the  Inapeof  the  lead  when  cut  rhrough. 
^  The  frame  KLML  is  held  together  by  crols  bars  going  through 
the  fides  and  fcrcwcd  on  :  and  a  cover  is  put  over  the  machine 
to  keep  out  dulti  and  it  is  fcreweci  tafl:  down  to  a  bench,  by 
fcrrw  nails  LL. 

When  it  is  ufed,  the  lead  to  be  drawn  is  firft  cafl  in  moulds, 
into  pieces  a  foot  long,  with  a  gut'.er  on  each  fide.  Take  one 
of  thele  pieces,  and  fharpen  one  end  a  lictle  with  a  knife,  and  put 
it  into  the  hole  between  the  wheels  •,  then  turning  the  liandic  /, 
the  lead  will  be  drawn  through,  of  the  form  defigned. 

Ex.    CV. 

006,  -^C"  a  zuater-mill  for  grinding  corn,  without  either  trundle  or 
cog-wheel.  BC  is  the  arbor,  or  axis  of  the  mill  ;  this  is  a  cy- 
lindrical piece  of  wood,  about  two  feet  diameter  ;  GHIKLMN 
is  a  leaf  or  wing  of  wood,  whofe  breadth  is  about  the  radius  of 
the  arbor ;  this  runs  Ipiral-wife  round  the  arbor  from  boLtorn 
to  top,  afcending  in  an  angle  of  about  35  degrees  ;  it  muft  every 
where  ftand  upright  on  the  lurface  of  the  arbor.  Iniiead  of  one 
you  may  ufe  two  of  thefe  fpiral  leaves,  efpecially  if  they  be  nar- 
row. This  arbor  and  its  fpiral  leaf,  turns  round  upon  a  pivot 
P  at  the  bottom  ;  and  at  the  top  5,  it  has  a  fpindle  wh  ch 
goes  through  a  plank,  and  is  fixed  to  the  upper  mill-ftone  D, 
which  turns  round  with  it  5  fo  that  the  arbor  has  little  or  no 
friflion.  ^R^T  is  a  hollow  cylinder,  made  of  ftone  or  brick, 
to  enclofe  the  arbor  and  its  leaf;  and  whofe  infide  is  walled  as 
near  as  poffible,  juft  to  fuff^r  the  leaf  to  turn  round  without 
touching  •,  fo  that  no  water  can  efcape  between  the  leaf  and  the 
wall  J  and  confequently  it  can  only  run  down  the  declivity  of  the 
leaf;  its  top  is  reprcfented  by  the  circle  ^I'V.  RWS  is  an 
arch  to  let  the  water  out  at  the  bottom,  to  run  away  -,  and  big 
enough  to  go  through  to  repair  the  engine.  F \s  the  trough  that 
brings  the  water  ;  D,  E  the  two  mill-ftones.  A  the  hopper  and 
(hoe.  The  aibor  and  its  leaf  may  be  cut  altogether  out  of  the 
folid  trunk  of  a  tree  ;  or  elle  the  leaf  may  be  made  of  pieces 
of  boards,  nailed  to  feveral  iupporters  of  wood,  which  are  to  be 
let  every  where  inro  holes  made  in  the  body  of  the  arbor,  fo  as 
they  may  ftand  perpendicular  to  its  furface  ;  and  all  fet  in  a 
fpiral.  And  the  fpiral  is  made  on  this  confideration  •,  that  for 
every  10  inches  in  the  circumference  of  the  axis,  you  mufc 
rife  7  inches  in  the  length.     But  at  the  top  G,  it  will  be  better 

to 
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to  rife  fafter,  fo  as  to  have  its  furface  almoft  perpendicular  to  p  j  q 
the  ftream.  506,* 

When  the  mill  is  to  go,  the  corn  is  put  into  the  hopper  at  J, 
which  runs  down  the  (hoe,  through  the  mill-ftone  D.  And  che 
fpcut  F  being  opened,  the  Water  talis  upon  the  oblique  leaf 
GHIK^  and  by  its  force  turns  the  axis  EC  about,  and  with  it 
the  ftone  X),  and  grinds  the  corn. 

Ex.   CVI. 

LBFh  the  arch  of  a  bridge^  which  {ball  fuftain  itfelf,  and  all  307. 
the  parts  of  it  in  equilibr:o.  Such  an  arch  will  be  ftronger 
than  any  other,  becaufe  an  arch  that  can  fuftain  itfeif,  will 
more  eafily  iuftain  an  additional  v/eight,  than  an  arch  that  can- 
not luftain  itlelf,  but  only  by  the  cohefion  of  the  jnorcar.  This 
arch  D^SF  is  a  fem.icircle,  whofe  center  is  i?,  and  vertex  B  •,  and 
the  wal!  AFta  muft  be  To  built,  that  the  height  AT^  in  any  place 
A^  muil  be  as  the  cube  of  thelecant  of  the  arch  BA^  which  will 
caufe  it  to  run  upwards  towards  25,  ih  the  form- of  the  curve 
tST.  But  as  this  form  is  not  coriimodious  for  a  bridge,  the, 
conftruclion  may  be  performed  thus.  In  any  place  of  the  arch,' 
as  A,  let  the  iuperincumbent  part  ^^  be  built  of  heavier  mate- 
rials, than  at  B  •,  in  proportion  of  the  cube  of  the  fecant  of  the 
arch  BA\  for  the  parts  near  B  \  but  in  fomcthing  lefs  proportion 
in  the  parts  towards  yf  andD.  And  the  right  line  GSg  being 
drawn,  will  nearly  terminate  the  top  of  the  wall.  But  as  ma-^ 
terials  cannot  well  be  procured  for  this  purpofe,  the  following 
way  may  be  ufed. 

With  the  radius  BR  defcribe  the  arch  BBd,  of  90  degrees  ;  303. 
7)5,  Bd  being  each  45.  And  if  BR  confift  of  100  parts,  make 
BS^  16.  Draw  the  right  line  GSg^  perpendicular  to  SBR  :  and 
the  arch  D^^fhall  fupport  the  wall  DGgd  in  equ  librio  in  all  its 
parts.  If  the  arches  DB  and  Bd  be  made  each  60  degrees,  and 
the  height  BS,  7  pr.rts;  and  the  right  line  GSg  drawn  •,  then  the 
arch  DBd  will  equally  fupport  the  wall  DGgd  in  all  parts :  but 
then  the  materials  made  ufeof  about  the  places  a^  a^  ought  to 
be  only  about  half  the  weight  of  thofe  at  B  and  D.  And  thefe 
are  the  principal  cafes  in  which  a  circle  is  ferviceable,  for  making 
an  arch  fland  in  equilibrio. 

Another  equilibrial  arch  is  from  the  catenary.    Make  the  la-   309. 
ttisre^Ium  BS,  100  equal  parts  i  BR,  AR,  RF each  i  59  ;  defcribe 
the  catenary  ABF,  through  the  points  A,  B,  and  F.   Then  ABF 
will  be  an  arch  which  will  fupport  the  wall  AGgf  in  equilibrio, 
in  every  point  of  it.     The  fault  of  this  arch  is,  that  by  reafon 

LI  2  of 
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JIG.   of  the  height  BS,  there  is  too  much  weight  of  wall  upon  it,. 

qog.   which  will  endanger  the  finking  the  piers,  except  the  foundation 
be  very  good  ;  and  it  likewife  raifes  the  bridge  too  high. 

qio.  Another  arch  of  equilibration  is  this  ;  make  SB,  BR,  AR  of 
any  lengths  at  pleafure  •,  draw  the  right  line  G^  parallel  to  the- 
horizon  -,  and  to  the  affymtote  GS,  draw  the  logarithmic  curve- 
/IB:  which  may  be  done  thus ;  draw  AG  perpendicular  to  GS  y  di- 
vide SG  into  any  number  of  equal  parts,  and  as  many  points  of 
divifion  as  you  have,  find  fo  many  mean  proportionals  between. 
SB  and  GA-,  fet  thefe  from  the  refpedive  points  in  SG  down- 
wards, in  lines  drawn  through  thefe  points  parallel  to  SR  ;  and 
thefe  will  give  fo  many  points,  through  which  the  curve  BA  i& 
to  be  drawn  ;  and  the  curve  bF  is  drawn  the  fame  way  •,  between 
thefe,  the  pier  BD  is  placed  with  a  tower  upon  it.  The  only, 
fault  this  arch  has,  is,  that  the  water  way  is  diminifhed  by  the 
pier  BD  -,  and  as  many  arches,  fo  many  fupernuraerary  piers^ 
there  will  be. 

311,  I  fhall  now  (hew  how  to  defcribe  an  arch  clear  of  all  thefe  in- 
conveniencies.  Make  BR,  AR,  RF,  each  equal  to  30  feet ;  BS^ 
Q^\  feet.  Draw  AG,  Fg  parallel  to  RS.  Divide  SG,  Sg  into  30 
equal  parts  or  30  feet  ;  through  all  the  points  of  divifion,  draw 
lines  parallel  to  SR,  as  T'C  Then  upon  each  of  thefe  lines,  fee 
off  from  SG  downwards  •,  the  number  of  feet  you  find  in  the 
following  table,  refpeftively,  as  TC  j  then  C  will  be  in  the 
arch.  Do  the  fame  for  the  fide  Sg.  Then  the  curve  FBCA 
drawn  through  all  thefe  points  C,  will  be  the  arch  required. 
The  curve  is  eafily  drawn  through  thefe  points,  by  help  of  a 
bow  held  to  every  three  points ;  or  rather  to  four  or  five  points 
at  once  ;  which  may  eafily  be  done  by  two  or  three  perfonS' 
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value  of 
ST  in 
feet. 

value  of 

TC  in  feet 
and  dec. 

value 
ofST. 

value 

of  rc. 

value 
of  ST. 

vali.ie  of 
TC. 

parts. 

3-500 

3-517 
3.568 

3-^53 
3-774 
3-9^1 

0 

I 

2 

3 
4 
5 
6 

II 

12 

13 
14 

15 

5-754 
6.231 

6.769 

7-372 
8.047 

21 

22 

23 

24 

25 

14.014 

15417 
16.970 

1S.687 

•20.-;85 

4..  27 

J6 

8.799 

26 

22.682 

7 

4.362 

17 

g.6,^6 

27 

24.999 

8 

4-6 -^.9 

18 

10.567 

28 

27-557 

9 

4961 

^9 

I  I. boo 

29 

30381 

10 

5-332 

20 

12.745 

30 

33-500 

F  I  G. 
311. 


If  the  thicknefs  of  an  arch  at  top,  BS  be  fuppofed  to  be  3 
feet,  4  feet,  or  5  feet,  &€.  It  will  require  a  different  curve  to 
be  conifrudfed  -,  but  this  feems  to  be  ftrong  enough  for  the 
bignefs  of  the  arch  -,  efpecially,  if  built  of  ftrong,  found  ftone. 
Here  3^  feet  is  affigned  for  the  thicknefs  of  the  arch  ;  but  ic 
muft  be  made  2  qr  3  inches  lefs,  on  the  account  of  the  parapet 
•wall,  for  this  adds  weight  to  the  whole.  Alfo  if  the  top  GS  is 
not  exa6tly  horizontal,  but  is  2  or  3  feet  lower  at  G  than  at  S  ; 
the  thicknefs  BS  ought  to  be  2  or  3  inches  lefs  upon  that  ac- 
count ;  or  if  higher  at  G,  two  or  three  inches  more  :  but  thelc 
niceties  make  no  lenfible  difference  in  pra6lice. 

This  curve  differs  from  the  catenary  (in  fig.  309.}  For  at 
the  vertex  B  it  is  lefs  cv.rve  than  the  catenary ;  and  towards  ^i 
h  is  more  curve.  The  curvature  at  B  in  this  arch  is  very  near 
that  of  a  circle,  whofe  radius  h  BR.  And  the  curvature  in- 
creafes  from  the  vertex-  5,  and  is  at  lead  about  C. 

At  the  points  A,  F,  where  the  arch  fprings,  it  rifes  at  an 
angle  of  73°  :  i',  above  the  horizon. 

If  an  arch  is  required  to  be  either  greater  or  lefs  than  this,  ic 
is  no  more  than  taking  any  other  equal  parts  inftead  of  feet  •, 
and  fetiing  off  all  the  lines  by  thefe  equal  parts. 

In  this  Icheme  I  have  drawn  a  circle  to  (hew  the  difference 
between  that  and  this  arch.  The  like  1  have  done  in  fig.  309, 
and  310.  Whence  it  appears,  ihit  a  circle  circumfcribes  all 
thclc  arches  of  equilibration  i  and  conlequently  a  circle  is  too 
curve  at  the  lower  parts,  or  at  the  hanch  of  the  arch. 

%£ 
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P  J  Q^  If  any  archittds  or  builders  cf  churches  or  bridges,  (hall 
^j  j]  pleaie  to  make  u!e  of  this  curve  here  conftruded  (fig.  qi  i.)  for 
the  form  of  an  arch  -,  ihey  will  find  it  the  (Irongell  arch  poffible 
to  be  made,  for  thefe  given  dimenfions.  And  where  many 
ihoufand  pounds  are  la'd  out  in  building  a  fingle  bridge,  it  is 
certainly  worth  the  pains  to  feek  after  the  form  of  an  arch, 
which  (hall  be  the  ftrongeil  pofilble,  for  fupporting  fo  great  a 
weight.  And  it  is  very  furpnzing  that  no  body  has  attempted 
it.  Inllead  of  that,  all  people  have  contented  themfclves  with 
confbruding  circular  arches ;  not  knowing  that  different  pref- 
furcsngainit  the  arch,  in  different  places,  require  different  curva- 
tures, which  does  not  aniwer  in  a  circle  where  the  curvature  is  all 
alike,  A  circle,  it  is  true,  is  very  eafiiy  defcribed,  ana  ch-.u  may  be 
one  reafon  for  making  ufcof  it  :  but  furely,  the  delcription  ci" the. 
curve  here  given,  is  very  eafy  by  the  foregoing  table,  and  can 
create  no  difficulty  at  all.  If  there  be  any  difficulty  in  the  prac- 
tice, it  is  only  in  cutting  the  flones,  of  a  true  curvature,  to  fit 
the  arch  exadly  in  all  places ;  but  this  is  eafily  manaaed  with  a 
little  care,  by  taking  proper  dimenfions  ;  obferving  tli.it  every 
joint  mud  be  perpendicular  to  the  curve  in  that  point. 

A  circle,  or  any  other  curve,  where  the  curvature  is  not  pro- 
perly adapted  to  the  weight  fuftaintd,  is  not  capable  of  fuftain- 
ing  lb  v:,lt  a  weight  -,  but  mult  in  time  give  way,  and  fall  to 
ruin  ;  except  the  m^ortar  hiippeii  to  be  fo  ftrong  as  to  keep  it  to- 
gether. On  the  contrary,  the  arch  here  defcribed,  luftaining 
every  where  a  quantity  of  preffure  proportional  to  its  ftrength, 
will  never  give  way,  fo  long  as  the  piers,  which  are  its  bafes, 
ft  and  good  -,  but  by  virtue  of  its  figure,  will  ftand  firm  and  un- 
fiiaken,  as  long  as  the  rnaterials  the  arch  is  m.ade  of,  will  lad. 

As  to  the  piers,  their  thicknefs  may  be  4,  i,  or  i  the  width  of 
the  arch,  according  to  the  firmnefs  of  the  ground  they  are  to 
ftand  on.  They  mult  be  confiderably  broader  than  the  bridge, 
reaching  out  on  each  fide  into  the  water,  being  built  wTth 
ftiarp  edges  to  divide  the  ftream.  At  the  bottom  they  muff 
be  v/ell  fenced  with  ftetiings  for  their  fecurity.  7>.e  outermoft 
pier  muft  be  built  far  backwards,  to  fuftain  the  oblique  preffure 
of  the  arch,  which  has  nothing  elfe  to  butt  againft  ;  otherwile 
the  pier  or  buttrefs  will  yield  to  the  preffure  of  the  arch,  and 
the  arch  will  break. 

Another  conftrudtion. 

In  the  former  conftrudion,  I  made  the  height  BS  to  be 
only  3  i  kc:.  But  as  that  may  he  reckoned  too  weak  for  an 
arch  of  6o  feet  wide,  like  Weltminfter  bridge,  where  the 
height  above  the  arches  is  8   or   lo   feet.     Therefore  I  have 

here 
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here  oriven  a  new  table  for  Cvonftrufting  the  arch  of  a  flrono- 
bridge,  calculated  upon  the  fame  principles  us  the  former,  bt- 
ing  7  feet,  all  the  other  dimenfions  remaining  thr  fia-je.  This 
arch  rifes  from  the  pier  at  an  angle  of  -jo^  20'.  In  the  forner  I 
lee  ofi  all  the  points  of  the  curve  from  the  line  6'G  ;  in  this  i 
fet  them  o(f  from  the  line  BEEy  which  is  a  tangen:  to  the  cop 
of  the  arch  at  B- 

The  confiruftion  is  thus.  Having  drawn  the  line  EBH 
through  the  top  B  of  the  arch  parallel  to  the  bafe  yfF,  take 
from  the  table  oA.  i  any  length,  and  fet  it  from  B  in  the  lin^* 
BE,  as  to  L,  and  from  R  to  ',  and  draw  the  line  LI.  Then 
from  col.  2.  o^  the  table,  take  the  corr^ipondtnt  le.igth  of 
LC,  and  fet  it  from  L  tu  C,  in  the  line  LI ;  then  C  is  a  point 
in  the  curve.  And  thus  all  the  other  points  of  the  arch  muil 
be  found,  and  then  a  curve  drawn  regularly  through  them  all, 
gives  the  form  of  the  arch. 
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value  of 
BL 'in 

Ifeet. 

value  of 
LC  in  i^eet., 

BL 

1 

LC 

BL 

1 
LC 

I 

0.021    i 

1  ^6 

6.251 

25i 

19.252 

2 

.086 

1   n 

7-173 

26 

20.263 

3 

.194 

1  i« 

8.183 

2  61 

21.310 

4 

.546 

'9 

9285 

27 

22.412 

5 

•543 

20 

10.488 

27^ 

235^3 

6 

.787 

20| 

I  I.I  29 

28 

24-741 

7 

1.078 

21 

11798 

2  84 

2  5.9  7  S 

8 

1. 419 

21; 

12.495 

29 

27-266 

9 

1.811 

22 

13.223 

291 

28.605 

10 

2.258 

2  2| 

13981 

30 

30.000 

1 1 

2.761 

23 

14.772 

12 

3-324 

231- 

15.596 

'3 

3-951 

24 

16.455 

14 

4.644 

24^ 

17-349 

1       15 

5.409  j 

25 

18.2^1 

Ex.  CVII. 

!^F  \s  the  weighing  engine,  at  the  turnpikes,  for  weighing   ^12. 
road  waggons.     CD  is  a  ftrong  beam   of  wood   moving  about 
the  center  /.     EF  a  fteel  yard,  moveable  about  the  cen:er  H, 

and 
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and  fofpended  at  D,  by  the  iron  hook  DIL  PA  feveral  iron 
chains  lulpcnJ^d  at  a  hook,  moveable  about  the  center  P  -,  Pfl 
is  about  ^  or  4  inches,  //F  about  10  or  12  feet.  The  4  chains 
at  J  au;  'o  put  round  the  waggon.  F  a  leaden  weight  Hxed  at 
the  end  F,  whole  weight  is  about  li  hundred  weight.  G  a 
moveable  weight  of  i  of  a  hundred  weight,  this  is  moved  along 
the  graduated  beam  HF.  at  pleafure.  KNL  a  fcaffold  to  walk 
on.  CS  is  a  chain  hanging  at  C,  and  fixed  to  the  brals  pulley 
S.  Round  this  pulley  goes  the  rope  MSR^  whofe  end  M  is  fix- 
ed to  the  crofs  bar  ^%  of  the  frame  ^f/.  in  this  frame, 
the  wheels  and  axles  i,  2,  3  move  round  •,  being  turned  by  the 
handle  B,  fixed  to  an  iron  wheel  or  fiy.  Thefc  wheels  and 
trundles  are  iron,  the  trundles  contain  11  teeth,  the  wheels 
about  6c.  The  rope  R  is  wound  about  the  wooden  axle  3,  be- 
ino-  5  or  6  inches  diameter.  At  the  end  of  the  axle  oppofite 
to  i),  is  another  handle  to  be  uied  upon  occafion.  The  frame 
y)T  is  fixed  fall  in  the  ground,  that  it  may  not  be  pulled  up. 
The  beam  CD  and  fleelyard  EF,  move  between  the  cheeks  KZ 
and  NX,  which  ferve  to  guide  ihem,  and  likewile  ftren^then 
the  frame  they  move  in,  which  frame  is  tied  together  with  fe- 
veral braces,  as  NO,  VO,  &'c. 

When  any  waggon  is  to  be  weighed,  the  4  chains  J  are 
hooked  round  it,  and  a  man  turns  the  handle  B  ;  which,  by 
turning  the  wheels,  winds  the  rope  about  the  axis  3,  which  pulls 
down  the  end  C,  which  raifes  the  end  D,  of  the  leaver  CD.  The 
tnd  D  raifes  the  fteelyard  EF,  with  the  chains  yf,  and  the  wag- 
gon ;  and  a  man  upon  the  fcaffold  NL,  moves  the  v/cighc  G 
till  it  be  in  equilibrio  ;  and  the  divifions  of  the  beam  fhcw  how 
much  the  waggon  is  above  60  hundred  weight. 

In  fome  engines  the  beam  CD  is  wanting  ;  inftead  of  which 
there  are  two  blocks  and  pullies,  the  upper  one  faftened  to  a 
crofs  beam  ZX\  the  lower  is  hooked  to  the  piece  DH ;  and  the 
rope  goes  from  the  top  block,  to  the  axis  3  ;  but  in  this  cafe, 
the  axis  of  the  vv-heels  are  parallel  to  the  fide  of  the  machine, 
and  not  perpendicular,  as  they  are  in  the  former;  and  then 
there  is  but  one  wheel  and  pinion,  each  of  iron,  the  wheel  of 
iio  or  120  teeth,  and  pinion   11. 

Laftly,  in  Ibme  machines  that  likeivife  want  the  beam  CD  -, 
the  wheels  and  axles  1,2,3  ^^^  placed  in  the  top  of  the  machine, 
above  ZX;  where  bemg  turned  round,  they  raife  the  beam  EF, 
cither  by  a  rope  going  from  it,  or  by  blocks  and  pullies. 


Ex. 
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Ex.  cviir.  .,, 

HRK'x'i  Si  I^-yge  organ.  H I fl  the  found  board  \  this  is  corn- 
poled  of  two  boards  ;  the  upper  boards  or  ccver  HHH ;  and  the 
under  one  Illy  which  is  far  thicker  than  the  upper  one.  Each 
of  thefe  is  made  of  feveral  planks  laid  edge-ways  together,  and 
joined  very  clofe.  In  the  under  fide  of  the  under  board,  there 
are  fcvcral  channels  made,  running  in  direclion  LL,  MM,  &c. 
continued  fo  far,  as  is  the  number  of  ftcps  in  the  organ  j  and 
coming  almoft  to  the  edge  HK.  Thefe  channels  are  covered  over 
very  clofe,  with  leather  or  parchment,  all  the  way,  except  a  hole 
which  is  commonly  at  the  fore  end  next  HK,  upon  which  a 
valve  or  puff  is  placed.  Thefe  channels  are  called  partitions. 
When  this  flap  or  valve  is  (hut,  it  keeps  out  the  a  r,  and  ad- 
mits it  when  open.  On  the  upper  fide  of  the  under  board, 
there  are  likewife  cut  feveral  broad,  fquare  gutters,  or  chan- 
nels, lying  crofs  the  former,  but  not  fo  deep  as  to  reach  them  ; 
thefe  lie  in  diredion  LN,  P^,  ^c.  And  to  fit  thefe  channels, 
tliere  are  as  many  wooden  flidtrs  or  regijlcrs,  f->f,f,  ^c.  run- 
ning the  whole  length  -,  and  thefe  may  be  drawn  in  or  out,  at 
plealure.  The  number  of  thefe  is  the  fame  as  the  number  of 
flops  in  the  organ. 

IKKK  the  wind  cheft-,  this  is  a  fquare  box,  fixed  clofe  to  the 
under  fide  of  the  under  board,  and  made  air  tight,  fo  that  no 
air  can  get  our,  but  what  goes  through  the  valves,  along  the 
partitions. 

V^  V  are  the  valves  or  puffs  which  open  into  the  wind  chefl:  -, 
and  are  all  enclofed  into  it,  and  may  be  placed  in  any  part  of  it,  as 
occafion  requires.  One  of  thefe  valves  with  the  fpring  that  fhuts 
it,  and  wire  that  opens  it,  is  reprefented  apart,  on  the  left  hand. 

C,  A  £,  F,  ^c.  are  the  keys  on  which  the  fingers  are  laid, 
when  the  organ  plays.  Thefe  keys  lie  over  the  horizontd  bar 
of  wood  W\  in  which  are  ftuck  as  many  wire  pins  2,  2,  on 
which  the  keys  are  put ;  and  the  keys  move  up  and  down  upon 
this  bar,  as  a  center.  3  is  another  bar,  againft  which  the  keys 
fall  when  put  down  •,  on  this  alfo  are  feveral  wires,  going 
through  the  keys  to  guide  them  -,  and  on  this  bar  a  lift  is  tait- 
cned,  to  hinder  the  knocking  of  the  keys  againft  it. 

Now  the  keys  are  made  to  communicate  with  the  valves  feve- 
ral ways,  as  I  Ihall  now  defcribe.  J,  J,  s,  are  the  key  rolLrSy 
moving  on  the  pivots  /,  /  ;  thefe  rollers  lie  horizontally  one 
above  another,  and  one  at  the  end  of  anotlier  •,  of  fuch  a 
length,  as  to  reach  from  the  valve  to  the  key.     a,  a,  a,  arms 
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Y  I  Q,  or  leavers  fixed  to  the  key  rollers ;  tc,  w  rhe  I'iihi  wires  fixed  to 
ji^  the  arms  ^,  n,  and  to  the  valves  J'',  and  going  through  the 
^'  holts  /;,  /py  in  the  bottom  of  the  wind  cheft.  l>,  /-,  ^  arms  fixed 
likcvile  to  the  kt-y  rollt-rs.  ^,  ^,  d  the  key  zvires^  fixed  to  the 
arms  h,  b\  and  to  the  keys  C,  D,  Zi'.  Now  putting  down  the 
end  or  any  of  the  keys  C,  D,  £  -,  it  pulls  down  the  arm  /•,  by 
the  wire  d^  which  ruins  the  roller  s  about,  with  the  arm  ^, 
which  pulls  down  the  wire  w,  whrch  opens  the  valve  \  which 
is  (hut  by  the  fpring,  as  foon  as  the  key  is  let  go.  In  this  can- 
ftrucftion,  there  mull  be  a  worm  fpring  faliened  to  the  key,  and- 
to  the  bar  W,  en  the  further  fide,  to  keep  the  end  5  of  the  key 
down. 

Another  method  of  opening  the  valves  is  this.  a;v,  xy.^  are 
flender  leavers  moveable  upon  the  centers  1,  i.  ^x^  ^x  are 
wires  going  from  the  far  ends  of  the  keys,  to  the  ends  x  of  the 
leavers.  yF,  yV,  other  wires  reaching  from  the  endsj,  of  the 
leavers,  through  the  holes  h^  to  the  valves  V.  So  that  putting 
down  the  key,  C,  D,  i^c.  raifes  the  end  5,  which  thrufts  up  the: 
end  .V  of  the  leaver,  by  the  wire  ^x  -,  this  depreffes  the  end^y  ofi 
the  leaver ;  which  pulls  down  the  wire  yl^\  and  opens  tbe: 
valve  V.  ;!:• 

A  third  way  of  opening  the  valves  is  this.  At  the  end  of  the 
key  6,  is  a  leaver  8,  9,  moving  upon  the  center  7.  This  with, 
the  key  makes  a  compound  leaver.  From  the  end  9,  there'isa 
wire  goes  to  the  valve.  Now  putting  down  the  end  6.of  the^ 
key,  raifes  the  end  8,  which  deprelTes  the  end  9  of  the  leaver 
8  9,  and  pulls  down  the  wire,  and  op.-ns  t'le  valve..  1  have 
only  drawn  one  of  thefe  in  the  fcheme,  and  but  a  few  of  the 
others,   to  avoid  confufion. 

R^  R  are  the  rollers  to  move  the  Aiders,  by  h-lp  of  the  arms* 
i/,  cfy  which  are  fixed  horizontally  in  thefe  rollers,     ke,  ke  are. 
leavers  alfo  fixed  in  the  rollers,     le^  le  are  the  handles,   which 
lie  horizontally,  and  pafs  through  the  holes  /,  /,  and  are'  faft- 
ened  to  the  leaver  ke^  being  moveable  about  a  joint  at.^. 

Now  any  handle  //)  being  drawn  our,  pulls  the  end  e  towards 
/,  which  turns  Rk  about,  along  with  the  arm  cf\  and  the  end 
/  pulls  out  the  Aider /g-.  And  when  p  is  thruil  in,  the  arm 
cf  likewife  thrufts  in  the  Aider  fg. 

Upon  all. the  feveral  rows  of  hol?,s  which  appear  on  the  top 
of  the  upper  board,  are  fet  upright  fo  many  rows  of  pipes  •,  X 
\%  zjlute  pipe  of  wood,  Z  2i  flute  pipe  of  metal,  Ta  trumpet  pipe- 
of  metal.    The  pipes  pafs  through  holes  made  in  boards,  placed 
above  the  upper  board,  to  keep  them  from  falling. 

The 
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The  pipes  are  made  to  communicate  with  the  wind  cheO:  after  ^ 
this    manner.     When   any  Aider  ^  is   drawn    our,  holes    are   1^^  * 
bored"  through  the  upper  board,  through  the  Aider,  and  through   ^    ^' 
the  under  board,  into  the  part'.tion  below  :   To  that  any  p'pc's, 
placed  upon  theie  holes,  will  then  communicate  with  the  parri- 
tion  ;  which,  by  its  valve,  communicates  with  the  wind  rheft. 
But  when  the  Aider  is  thrufl:  in,  the  holes  in  the  Aider  do  not 
ftand  againfl:  the  holes,  in  the  upper  and  under   boards  •,  and 
the  communication  is  ftopt,  fo  that  no  wind  can  get  to  the  pipe. 
qT,  qT  are  the  bellows^  which  muft   be   two  at  lead,     q,  a 
the  wings-,  0,  0  the  bandies^  moving  upon  the  fixt  axes  nn,  nn. 
Each  ot  thefe  bellows  confifts  of  two  boards  \  the  under  board 
is  fixt  immoveable.    In  this  there  is  a  valve  r  opening  invvards, 
and  a  tube  leading  to  it,  called   the  conveying  tube.     There  is 
alfo  a  hole  in  this  under  board,  from  which   a  tube  leads  to 
xhQ  portvcnt^  which  is  a  fquare   tube   24,  rifing  upwards,  and 
is  inferted  into  the  under  fide  of  the   wind  cheit  at  2.     And  in 
the  tube  leading  to  the  portvent,  there  is  a  valve  which  opens 
towards  the  portvent  -,  which  fuffers  the  air  to  go  up  the  port- 
vent,  but  none  to  return.    All  the  bellows  are  conftru6ted  after 
the  fame  manner.     Now  the  handle  O  being  put  down,  raiks 
the  upper  board  T*,  and  the  air  enters  through   the  valve  r  % 
and  when  the  handle  is  let  go,  the  weight  of  the  upper  board 
2^,  (which  carries  3  or  41b.  to  every  fquare  foot)   continually 
defcending,  drives  the  air  through  the  portvent  to  the  found 
board.     And  as  one  pair  of  bellows,  at  lead,  is  always  defcend- 
ing, fince  they  work  alternately,  there  will  be  a  conftant  blall 
through  the  portvent. 

In  chamber  organs,  there  is  but  one  pair  of  bellows,  which 
confifts  of  3  boards,  in  nature  of  a  fmith's  bellows ;  and  fo  has 
a  continual  blaft. 

All  the  inner  work  is  hid  from  fight,  by  the  face  of  the  in- 
ftrument  ftanding  upon  36. 

As  many  partitions  LL,  MM,  &c.  as  there  are  in  the  found 
board  -,  fo  many  valves  V,  F,  rollers,  s,  s,  or  elfe  fo  many 
leavers  xy^  or  89,  and  their  wires,  and  that  is  juft  as  many 
as  there  are  keys  J,  B,  C,  D,  ^c.  And  there  are  generally  61 
keys,  with  fiats  and  Aiarps  •,  reaching  from  G  to  G,  the  com- 
pafs  of  5  oftaves.  But  the  fcheme  could  not  contain)  them  all. 
Likewife  there  are  as  many  handles  /,  /,  i^c.  rollers,  /v,  Ry 
^c.  Aiders/,  /,  ^c.  as  there  are  different  fl:ops  upon  the  organ. 
And  it  muft  be  obferved,  that,  between  the  Aiders  /,  /,  ^c. 
there  are  as  many  Aiders,  on  the  right  hand  ;  and  the  fame 
number  of  handles  and  rollers,  which  cannot  be  expreffed  in 
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t'his  fchcme.     And  other  rows  of  pipes  placed   between  I.N^ 
'  ^  ^'   f^^  ,  (^c.     And  towards  the  middle  of   the  organ,  rhe  lead 
^'^"    pipes  are  placed,  and  the  leall  partitions;   the   greateft  being 
on  the  outfide. 

There  arc  many  ftops  in  fome  organs,  but  generally  loor  12 
on  each  hand  ;  thefe  are  fome  of  them,  diapaion,  principal, 
fifteenth,  twelfth,  tearce,  cornet,  trumpet,  french  horn,  vox- 
humana,  flute,  balToon,  cremona,  ^c.  and  a  contrivance  to 
fwcll  the  notes  of  fome  of  the  ftops. 

When  this  noble  inftrument  is  to  be  played  upon,  put  down 
the  handle  O  of  the  bellows,  this  raifes  the  upper  board  T,  and 
caufrs  the  air  to  enter  in  at  the  valve  r.  Then  that  handle 
beincT  let  go,  the  other  handle  0  is  put  down  ;  during  this  time, 
the  board  2"  of  the  firft,  defcendmg,  and  (hutting  the  valve  r, 
drives  the  air  through  the  other  valve,  up  the  portvent  into  the 
wind  cheft.  Then  drawing  out  any  handle,  as  the  flute  flop  />/, 
this  draws  out  the  (iidcrfgy  and  all  the  pipes  in  the  fet  LN  art 
ready  to  play,  as  foon  as  the  keys  C,  D,  £,  ^c.  are  put  down. 
Therefore  putting  down  the  key  D,  by  laying  the  finger  upon 
it,  opens  the  correfpondent  valve  mF,  and  the  air  enters  thro* 
it,  into  the  pipe  X,  and  makes  it  found.  In  the  fame  manner, 
any  other  pipe,  in  the  fet  IN,  will  found,  when  its  kty  is  put 
down.  But  no  pipe  in  any  other  fet  P^  will  ipeak,  (btcaufe 
the  communication  is  ftopt)  till  its  Aider/ is  drawn  out  by  the 
correfponding  handle  /. 

Pipes  are  made  either  of  v;ood  or  metal  -,  fome  have  mouths 
like  flutes,  others  have  reeds.  The  fmalleft  pipes  are  made 
of  tin,  or  of  tin  and  lead.  The  found  of  wooden  and  leaden 
pipes  is  foft.  Short  pipes  are  open,  and  the  long  ones  are 
ftopt  •,  the  mouths  of  large  fquare  wooden  pipes  are  ft'jpt  with 
valves  of  leather.  Metal  pipes  have  a  little  ear  on  each  fide  of 
the  mouth,  to  tune  them,  by  bending  it  a  little  in  or  out. 
Whatever  note  any  open  pipe  founds,  when  the  mouth  is  ftopt 
it  will  found  an  odave  lower :  and  a  pipe  cf  twice  its  capacity 
will  found  an  oflave  lower, 
oj^.  It  will  nor,  I  think,  be  foreign  to  my  cefign,  if  I  give  a 
fhort  account  of  the  nriethod  of  tuning  organs  or  harpficords. 
But  I  mud  firft  premife  fomething  concerning  the  fcaleof  mufic. 
It  is  known  from  undoubted  experiments,  that  if  AL  be  a 
ftring  of  a  mufical  inftrument,  and  if  the  ftring  be  ftopt  fuG- 
ceffively  at  T,  J,  q,  />,  0  -,  and  4,  4»  t>  4»  i  ^^  ^^  be  made  to 
vibrate,  it  will  found  an  eighth,  a  fifth,  a  fourth,  a  greater  third, 
and  a  lefTer  third,  refpetSti.vely. 

Now 
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Now  as  the  difference  between  the  fourth  and  fifth  is  ac-  p  j  q 
counted  a  whole  tone,  whereof  there  are  6  to  make  up  the  qi^,* 
odava  ;  therefore  we  fhall  have  ^  —  ~,  or  -jV  for  the  difference 
of  the  firings,  that  are  to  found  a  note  one  above  the  other, 
whereof  the  greater  is  A.  Confequently  if  the  firing  is  i,  that 
difterence  would  be  i-.  Therefore  |  of  any  firing,  will  found 
a  note  higher ;  and  I  of  this  fecond,  would  found  2  notes  higher 
than  the  firfl;  and -1  of  this  third,  would  found  3  notes  higher 
than  the  firfl,  &c.  and  this  being  6  times  repeated  to  make  up 
an  odave,  we  fhall  have  i-x|x|-Xlx|x|-  =  t,  as 
it  would  be  if  this  note  was  exaft,  but  that  produd  is  lefs, 
being  but  4933  ;  and  therefore  |-  is  too  fmall,  and  4  too  great 
for  a  tone.  And  6  of  thefe  notes  do  not  exactly  make  up  an 
Oiflave. 

After  the  fame  way,  if  we  take  the  difference  between  the 
fourth  and  leffer  third  for  a  whole  tone  (-|— 1)>  we  fhall 
gret  -rV  of  the  firing  for  a  whole  note,  but  this  will  be  found  to 
be  too  great,  being  .5314  inflead  of  .5-,  therefore  -j-V  is  too 
fmall  for  a  note. 

If  we  try  by  half  notes,  we  fhall  flill  be  no  better.  The 
leffer  third,  the  greater  third,  and  the  fourth  differ  by  half  a 
note  ',  of  which  there  ought  to  be  twelve  in  the  odave.  In  the 
former  cafe  we  get  l^  for  the  length  of  the  firing,  in  the  latter 
4-1;  and  tt  or  ri  for  the  length  of  half  a  note.  The  firfl  is 
far  too  little,  and  the  latter  as  much  too  big. 

As  none  of  thefe  notes  or  half  notes  will  make  up  an  oc- 
tave ',  fo  neither  will  any  num>ber  of  thirds,  fourths,  or  fifths, 
make  one  or  more  o(5laves.  A  leffer  third  contains  3,  a  greater 
third  4,  a  fourth  5,  and  a  fifh  7  half  notes.  Therefore  4. 
leffer  thirds,  or  3  greater  thirds  make  an  odave  ;  and  n 
fourths  fhould  make  5  odaves  ;  and  12  fifths,  7  odaves.  But 
if  this  was  fo,  then  we  fliould  have'^^*  =z  f,  "P '  —  I,  and 
p  '*  =:  P  ^  (that  is'4'  'I  —  i),  and"!^  'y  —  4.  But  never  a 
one  of  thefe  is  fo.  And  hence  we  may  conclude,  that  no  fcale, 
made  up  of  thefe  notes,  or  half  notes,  or  any  combinations  of 
them,  or  of  thirds  or  fifths,  ^c.  can  be  perfedly  exad. 

Now  to  contrive  a  fcale  to  anfwer  as  near  as  poffible  all  the 
requifitcs.  Let  y/L,  A/?,  An,  Ao,  l£c.  to  AT  or  1  AU  be 
13  geometrical  proportionals.  Then  thefe  firings  AL,  Am^ 
An,  ^c.  will  found  all  the  half  notes  in  the  odave,  gradually 
afcending.  Therefore  if  AL  be  put  zi  i,  AT—',-,  Am,  An^, 
Ao,  (sfc.  being  fo  many  mean  proportionals  between  i  and  \ 
will  be  found,  as  fe^  down  in  the  following  table. 

Cords 


?7o 

T  I  O. 
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cords. 

„  .         notes  equally 
fi'^""^'    afcenJng. 

fure  con- 
cords. 

errors 
0 

ground 
l>  fee  end 
•m^  fecond 

AL 
Am 

An 

1. 00000 

.Q4387 
.80090 

i.odcoo 

lef  third 
gr.  third 
fourth. 

Ao 
Ap 
Aq 

.84090 
.79370 
•74915 

•^3333 
.80000 

.75000 

*  fourth 
fifth 
leffixth 
gr.  fixth 

Ar 
As 
At 
Au 

.70711 
.66742 
.62996 
.594-0 

.62500 
.60000 

b  feventh 
*  feventh 
eight 

Aw 
Ax 
AT 

.56123 

•52973 
.<,oooo 

.50000 

0 

In  this  table,  the  3d  column  O^.ews  the  lengths  of  the  vibrat- 
ino-  ftring,  when  the  Icale  alcends  by  equal  degrets  of  found, 
or  when  all  the  half  notes  are  equal. 

The  4th  col.  (hews  the  length  of  the  rtring  to  found  the 
pure  concords. 

The  lafl:  col.  relates  only  to  the  concords  :  and  (hews  the 
error  of  the  3d  col.  exprefiing  what  part  of  a  whole  tone  it  is  ; 
and  whether  it  is  below  (expreffed  by  h)  or  above  (by  *  )     By 
this  col.  we  can  judge  how  the  fcale  in  che  3d  col.  will  per- 
form.    And  thefe  errors  are  found  by  comparing  the   3d  and 
4th  col.  together.     As  fuppofe  you  would  know  what  it  is^  in 
the  fifth,    we  fhail  have  66742—66666=76,  and    7071 1  — 
62996:37715,  which  reprtlents  a  tone   in   that  place.     Then 
^.I_^_  or  T-^  is  the  error,  which  is  but  the  hundredth  part  of  a 
whole  tone.     And  as  the  number  in  the  3d  col.   is  greater,  it 
fiiews,  that  by  this  fcale-,  the  fifth   is  flatter  than  it  ought  to 
be.     And  fo  are  the  reft  of  the  errors  found  out,  and  exa- 
mined. 

Now  its  evident,  that  the  error  in  a  fifth  or  a  fourth  is  quite 
infenfible  in  practice  -,  but  the  th'rds  and  fixths  fuffer  the  moft, 
being  in  fome  but  the  13th  part  of  a  note,  which  perhaps  may 
be  fenfible  to  a  good  ear  ;  hut  then  it  will  not  be  (o  percep- 
tible in  a  third,  as  it  would  be  in  a  fifth  ;  becaufe  a  third  is  lefs 
perfedl  than  a  fifth.  And  the  fweettr  the  cord,  the  more  ea^fily 
is  an  imperfection  difcovered.  Now  ;  Ithough  thefe  trifling 
errors  will  take  away  fomething  from  the  fweetnels  of  the  har- 
mony. 
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mony,  and  will  hinder  the  Tcale  from  being  abfolutely  perfedl ;   fig. 
yet  there  is  no  remedy  for  it,  but  what  is  worfe  than  the  difeafe.     o  j . 

As  tothetuningthis  inftrumentjit  is  plain  that  the  notes  ought 
not  to  be  tuned  by  perffdl  filths,  for  the  upper  note  will  always 
be  the  huTidredth  part  of  a  note  too  high.     And  fince  one  muft 
take  12  tiftbs,  before   he  .can  come  at   the  fame  note  again, 
whence  he  fet  off;  th:re  will  at  bft  be  an  error  of  tH  or  |  of 
a  note,  which,  is  very   difcoverable  in  a  fifth.     The  method 
therefore  no  betajk^n,.  is,  to  make  the  upper  note  a  very   little 
flatter  than  a  perfefc  fifth  j  by   firrc  tuning  it  perfeft,  and  then 
lowering  it  aUiviall-niarter,  but  not^  fo  much  as  to  ofi^end  the 
ear.     And  a?t*i4  you /have  thuf   gone  throughuthe  odave,  if 
you  find  the  lall  i.ote  either  too  High  or  too  low,  begin  a  new, 
and  alter  them  all  a  li'tk.,  according  to  your  judgment,  till  the 
lafl;  docs  agree:-  but  this  judgment  is  to  be  attained  principally 
by  p.ra£tice.     Upon  rh.-  fiifi  octave  being  rightly  tuned,  all  the 
reft  dt  J  end,  anu   therefore  one  ought  to  bt  very  exadl  in  it ; 
for  in  Ai  the  reft,  there  is  nothing  to  do  but  to  take  the  eights 
above  anu  brlow.     And  you  ou<_ht  to  begin  to  tune  about  the 
midcle  of  the  inftrument.  .; 

Th^fe  that  tune  by  thirds,  ought  to  take  the  upper  note  of 
the  greater  thud,  as  fnarp  as  the  ear  will  bear.  And  leffer 
thirds  fhould  be  taken  as:fiat  as  they  may. 

Moft  people  in  tuning,  take  fome  of  the  fifths  perfeft,  and 
leave  others  itnpeifejfl  •,  which  they  call  bearing  notes.  But 
this  is  attended  with  great  inconvenience  :  for  the  mufick  ought 
to  be.fo  fet,  that  no  fifth  ought  to  fall  on  any  of  thefe  bearing 
notes,  which  inftead  oi  being  a  perfedt  concord,  will  be  no 
bttter  than  a  difcord  -,  fince  the  error  in  thefe  bearing  notes  is 
very  great.  For  if  there  is  but  one  in  an  odave;,  its  error  is 
f  of  a  note,  if  two  of  t^em,  and  both  alike,  i^  of  a  note. 
Now  if  thefe  people  be  fo  nice  as  to  diftinguifh  -rt'o  part  of  a 
note,  much  more  would  they  be  offended  at  4  or  tL  And  al- 
ways to  avoid  taking  the  fifths  upon  thefe  notes,  when  they 
come  naturally  in  the  way,  would  be  cramping,  and  even 
fpoiling  the  mufic.  And  another  difadvantage  would  arile, 
that  a  piece  of  mufic  could  not  be  tranfpofed  upon  any  key  at 
pleafure,  whatever  need  there  might  be  for  it  :  but  muft  be 
tied  down  to  a  very  few.  And  if  this  method  could  cure  in 
any  meafure,  the  errors  of  the  fifths  •,  yet  it  would  not  at  all 
mend  thofe  of  the  thirds,  which  are  far  greater.  And  if  any 
one  third  fiiould  happen  to  be  bettered,  it  is  certain  that  others 
-will  be  made  as  much  worle,  and  will  be  turned  into  difcords. 

Some 
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Some  that  like  not  the  cqmhnrmonic  or  ifotcnic  fcale,  above 
defcribcd,  would  compofe  a  icale  of  (everal  forts  of  tones  and 
femi-tones,  as  -^j  to,  and  t%tt,  rf,  tJ,  a?,  i^c.  but  what  end  can 
this  anfwer  ?  it  is  very  eafy  to  fhew,  that  if  fome  cords  may 
be  taken  perfecl,  others  will  be  miferably  bad,  and  degenerate 
ir.to  difcords.  But  this  fcheme  feems  to  be  built  only  upon 
the  confideration  of  abftracSt  numbers  •,  for  it  regards  only  this, 
how  to  make  fcveral  fradlionaj  quantities  refolve  themfelves  into 
others  more  fimple,  by  multiplication  ;  which  is  a  thing  of  no 
manner  of  ufe  in  mufic. 

Others,  to  avoid  the  badnefs  of  the  cords  which  fail  in  fome 
places^  have  invented  quarter  notes  ;  which  makes  the  mufic 
extremely  hard  to  play  -,  and  is,  befides,  far  from  anfwering 
the  end  propofed.  7  herefore  upon  the  whole,  I  cannot  buc 
think  the  fcale  above  deicribed,  to  be  the  beft  for  pra6tice.  For 
fo  fmall  an  error  as  x^o  of  a  note  in  a  fifth,  and  every  where 
the  fame,  cannot  be  fenfible,  or  do  much  hurt  to  the  mufic. 
And  I  will  venture  to  fay,  that  the  very  alteration  of  the  wea- 
ther, in  24  hours  time,  by  ht-at  or  cold,  drought  or  moiflure, 
will  have  fuch  an  effe(5l  upon  either  ftrings  or  pipes,  as  to  caufe 
a  greater  diff'crence  than  this  amounts  to.  I'here  are  imper- 
fections in  every  thing,  which  we  cannot  quite  take  away  ;  all 
we  can  do,  is  to  make  them  as  littl-  as  poflible. 

More  examples  of  the  confiruAions  of  engines  might  here  be 
added.  But  as  there  is  fuch  an  infinite  variety  in  the  world, 
it  would  be  an  endlels  taflc  to  defcribe  all  the  kinds  of  thetn. 
Therefore  I  think  it  needlefs  to  produce  any  more,  efpecially, 
fince  their  conftruflion  and  ufe  depend  upon  the  fame  princi- 
ples as  thefe  already  defcribed.  And  if  the  reader  does  but 
thoroughly  underlUnd  the  powers  and  forces  of  thefe  before 
meniioned  ;  he  cannot  be  at  a  lofs  to  find  out  the  powers, 
forces,  or  motions,  of  any  other  machine,  though  never  fo 
compounded. 
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O  F    T  H  E 

Terms    ufed   in   Mechanics. 


A. 

/]IR  PUMP,  a  machine  to  draw  the  air  out  of  a  glafs. 

•^  P^g'  ^77- 

yijutage,  the  fpout  for  a  jet  d^eau  in  a  fountain. 

Amplitude,  the  diftancc  a  ball  is  (hot  to. 

Anemofcope,  a  machine  for  (hewing  the  point  of  the  wind.     See 

Fig.  253. 
^;7^/^  of  application,  is  the  angle  which  the  line  of  direflion  of 

a  power  makes  with  the  leaver  it  a6ts  upon. 
of  inclination,  is  the  angle  an  inclined  plane  makes  with 

the  horizon. 
of  traction,  the  angle  which  the  direction  of  a  power  makes 

with  an  inclined  plane. 
AqueduSi,  an  artificial  river,  or  tube  to  convey  water. 
Arbor,  the  axle  or  fpindle  of  a  wheel.     Fig.  185.  ef. 
Arch,  a  hollow  wall  made  of  a  circular  form,  to  fupport  any 

building. 
Areometer,  an  inftrument  to  meafure  the  weight  of  liquors. 
Arm^  any  piece  of  timber  or  metal,  that  proje6:s  horizontally 

from  fome  part  of  a  machine. 
Axle,  or  Axis^  the  line  or  fpindle  about  which  a  wheel  turns 

round.     Fig.  185.  ef. 
Axis  in  peritrochio,  a.  machine  for  raifing  weights,  confiding  of 

a  wheel,  fixed  upon  a  cylinder  for  its  axis.    ^ 

B. 

Balance,  a  machine  to  weigh  bodies  in  ;  one  of  the  mechanic 

powers.     Fig.  188. 
Balame  wheel,  the  fly  or  pendulum  of  a  watch. 

N  n  Baro' 
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Barometer,  a  machine  to  Ihew  the  weight  of  the  air  or  atmo- 

Iphcre.     See  Fig.  218. 
Barofcope,  the  fame  as  barometer  :  a  weather-glafs. 
Barrd  of  a  wheel,  is  the  axle,  or  cylindrical  body,  about  which 

the  rope  goes. 

of  a  pui/ip,  is  the  hollow  part  of  the  pump  where  thcpifton 


works. 
Barrs,  Itrait  pieces  of  timber  or  metal,  that  run  crofs  from  one 

pare  of  a  machine  to  another. 
Bnfe,  the  toot  of  a  pillar. 

Bci/il,  that  angle,  the  edge  of  a  tool  is  ground  to. 
Batten,  a  piece  of  timber  three  or  four  inches  broad,  and  ar*. 

inch  thick. 
To  Batter,  to  lean  backward. 
Bauk,  a  long  piece  of  timber. 

Beak,  the  crooked  end  of  a  piece  of  iron,  to  hold  any  thing  faft. 
Beam,  a  large  piece  of  timber  lying  acrofs  any  place. 
Beetle,  a  wooden  inftrument,  or  mallet,  for  driving  piles, 
Bewl,  any  angle  that  is  not  right.     An  oblique  angle. 
Block,  a  lump  of  wood. 
Blocks,  pieces  of  wood  in  which  the  flieevers  or  pullics  run,and 

through  which  the  ropes  go.     Fig.  42.  Ay  B. 
Bolls,  large  iron  pins. 
Bo^d,  the  fattening  feveral  pieces  of  timber  together,  either  by 

mortife  and  tenant,  dove- tail  ng,  &c. 
Brace,  a  piece  of  timber  fixed  obliquely  into  others,  to  flay 

them  from  moving  any  way. 
Brackets,  the  cheeks  of  the  carriage  of  a  mortar.     A  cramping 
iron  to  ftay  timber  work  j  alfo  (lays  fet  under  a  Ihelf  to  fup- 
port  it. 
Brads,  nails  having  no  broad  heads. 

Bridge,  any  horizontal  beam,  ^c.  that  is  to  fupport  fomething. 
Butments,  thofe  fupports  on  which  the  feet  of  arches  (fand. 
Biittrefs,  a  piece  of  ftrong  wall  that  ftands  on  the  outfide  of  an- 
other wall  to  fupport  it. 

C. 

Capftand,  a  machine  on  board  a  fhip,  to  hoift  the  maftsj  or 

raife  any  weight.     Fig.  248. 
Cafcade,  a  fall  of  water. 
Catara5i,  is  a  precipice,  or  violent  fall  of  water  in  a  river,  thro* 

high  rocks,  CdUfing  the  water  to  fall  with  a  great  noife  and  force. 
Catch,  fome  fmall  part  of  a  machine  ;  which,  in  its  motion, 

hooks  or  lays  hold  of  fome  other  part  to  ftop  it. 

Center 
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Center  of  motion^  the  point  about  which  a  body  moves. 

^f  g^civity,  the  point  upon  which  a  body  being  fufpended, 

it  will  reit  in  any  pofition. 

of  magnitude^  a  point  equidiftant  from  the  oppofite  ex- 

~  trcmes  of  a  body.     The  middle. 

—  of  percujfwn,  the  point  cf  a  vibrating  body  that  gives  the 


greateil  llroke. 
Center  pin^  a  pin  about  which,   as  a  center,  a  body  moves. 
Chain  pump^  a  pump  having  feveral  buckets  fixed  to  an  endlefs 

chain,   which  goes  through  it,  and  is  moved  round  upon  an 

axle.     Fig.  254. 
ChapSy  two  fides  of  a  machine  which  take  hold  of  any  thing. 
Cheeks^  two  upright  parts  of  a  machine,  anfwering  to  one  an- 
other in  pofition  and  ufe. 
Chronofcopey  a  pendulum  to  meafure  time. 
Clack,  a  fort  of  valve  which  is  flat,  like  a  board  ;  ferving  to 

flop  a  fluid  from  running  out.     Fig.  268    T,  a  flap. 
Clampt,  when  the  edges  of  two  pieces  of  boards  are  joined  to- 
gether, fo  as  the  grain  of  one  may  lie  crofs  the  grain  of  the 

other. 
Clafp,  a  fort  of  buckle  to  fallen  any  thing. 
Clafp  nails,  thofe  with  little  heads  to  fink  into  the  wood. 
Claws,  flender  crooked  pieces  of  metal  in  a  machme,  which 

ferve  to  move  or  hold  any  thing.     Long  teeth. 
To  Clench  or  clinch,  to  double  back  the  end  of  a  nail,  that  it 

may  not  draw  out  again.     To  rivet. 
Clench  nails,  nails  that  may  be  clinched. 

Cock,  a  brafs  fpout  to  let  a  fluid  run  out,  or  flop  it  by  turning. 
Cogs,  the  wooden  teeth  of  a  great  wheel.     Fig.  185,  a,  a,  a. 
Cog-wheel,  a  large  wheel  made  of  timber,  where  the  teeth  fl:and 

perpendicular  to  the  plane  of  the  wheel.     Fig.  185,  CD. 
Collar,  a  ring  of  metal  that  goes  about  any  thing,  near  the  top, 

in  which  it  turns  round. 
Column,  the  fliaft  or  trunk  of  a  pillar. 
Contrate-wheel,  a  wheel  in  a  clock,  where  the  teeth  are  parallel 

to  the  axis,  and  fl:and  on  the  under  fide  of  the  rim. 
Corbel,  a  piece  of  timber,  or  Hone,  fet  under  another  piece,  to 

difcharge  the  weight. 
Crab,  a  fmall  capfl:and  with  three  claws,  to  be  placed  on  the 

ground,  moveable  from  one  plane  to  another.    This  is  called 

a  flying  capftand. 
Crane,  a  machine  for  hoifl:ing  goods  out  of  a  Ihip,  or  for  raif- 

ing  timber  or  fl:one.     Fig.  233. 

N  n  2  Crank, 
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Crank,  that  part  of  an  iron  axis  which  is  turned  fquare  with 

2n  elbow,     lig.  238.   11- 
Cro/s-iree,'  a  horizontal  beam  fixed  acrofs  another. 
Crozvy  a  ftrong  iquare  bar  of  iron,  forked  at  the  end,  to  remove 

heavy  timber,   &c.  by  ufing  it  with  the  hands. 
Crozan-'jul'eel,  in  a  clock  or  watch,  is  that  next  the  balance,  its 

teeth  (land  in  the  upper  fide  of  the  rim,  and  not  in  the  edge. 

Fig.  166.  FG. 
Cupolo,  a  hollow  arched  tower,  in  form  of  a  hemilphere,  or  of 

a  bowl  turned  upfide  down. 

D. 

Denfity,  is  a  greater  or  lefs  quantity  of  matter  contained  in 

a  given  fpace. 
Detents^  are  ihofe  (lops,  which  being  lifted  up,  the  clock  ftrikes  5, 

and  falling  down,  fhe  Itops. 
Dog  nails^  nails  ufed  tor  faftening  hinges. 
Dcme^  a  round  vaulted  roof  or  tower.     A  cupola. 
Dormant.,  a  great  beam  lying  crofs  a  houfe.     A  fummer. 
Dormer.,  a  window  in  the  roof  of  a  houfe. 
Dove-tailing,  letting  one  piece  of  limber  into  another,  with  a 

joint  in  form  of  a  dove's  tail,  being  broader  at  the  end,  that 

it  may  not  draw  out  again. 
Drum.,  the  lantern    or    trundle,    which  is  carried  by  a  great 

wheel.     Fig.  266.  EF. 
Drum  bead,  a  timber  head,  or  lump  of  timber,  in  form  of  a  drum* 


E. 

Judging,  the  outfide  or  border. 

Endlefs  chain,  z  chain  with  the  ends  joined  together;  by  whicb 

any  part  of  a  machine  is  wrought. 
Endlefs  /crew,  a  fcrew  working  in  the  teeth  of  a  wheel ,  which 

may  be  turned  about  for  ever.     Fig.  193.  E. 
Engine,  a  mechanical  inftrument  compofcd  of  wheels,  leavers-, 

fcrevvs,  &'c. 
Eolipyle,  a  hollow  globe  of  metal,  filled  with  water,  and  put 

in  the  fire  ^  the  heat  and  vapour  rufhcs  out  at  a  fmall  hole, 

with  a  great  noife.     Fig.  264. 
Equilibrium,  the  equality  of  weight,  of  two  or  more  bodies,  i^c^ 

keeping  one  another  at  reft.  ^ 
E.ye,  a  hole  in  fome  part  of  a  machine,  through  which  any 

thing  is  put. 
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F. 

Face,  the  foot  or  forefide  of  a  machine,  or  of  fome  principal 
part  of  it. 

Fangi  fome  fmall  piece  of  metal  like  a  long  tooth,  that  by  its 
motion  moves  fome  other  part. 

Fellies,  pieces  of  wood  on  the  outfide  of  a  wheel,  which  make 
the  rim. 

Ferril,  a  fort  of  hoop. 

Floats,  the  flat  boards  fet  perpendicular  on  the  edge  of  a  wa- 
ter-wheel ;  by  which  the  water  drives  the  wheel  about.  Fig, 

Fly,  that  part  in  a  clock,  &c.  that  regulates  the  motion,  and 
makes  It  uniform.     i%.  168,  169,   170. 

Force,  any  thing  that  adts  upon  a  body  to  put  it  in  motion. 

Force  pump,  a  pump  that  diicharges  water  by  prefTing  it  up- 
wards.    Fig.  267,  268. 

Frame,  the  outwork  of  any  machine,  or  what  holds  all  the  reft 
together. 

Free,  clear  of  all  impediment. 

Fritlion,  the  refiftance  that  bodies  have  by  rubbing  againft  one 
another. 

Fulcrum^  that  which  fupports  a  leaver  in  moving  any  heavy  body. 

G. 

Gain,  the  levelling  (houlder  of  a  joift  or  other  timber. 
Gin,  2l  ma«:hine  to  rail'e  great  weights.     Fig.  257. 
Gravity,  the  weight  of  bodies. 

fp^(^\fic,  by  this  one  body  weighs  more  or  lefs  than  an- 

-     other  of  the  fame  bulk. 

relative,  is  the  weight  of  a  body  in  a  fluid,  or  on  an  in- 


clined plane. 
Groove,  a  channel  cut  in  wood  or  ftone. 
Gudgeons,   the  eyes  in  the  ftern  of  a  fhip,  o:i  which  the  rudder 

hangs.     The  center  pins  of  an  axle. 
Gyration,  a  whirling  round. 

H. 

Hand,  an  index  or  pointer. 

Hahdle,  the  part  of  an  inftrument  to  take  hold  on  v  iththe  hand. 
Hand  fpike,  a  wooden  leaver  to  be  ufed  with  the  hand,  in  mov- 
ing any  thing. 

Heady  the  top  part  of  any  thing, 

Hem\ 
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Hem    the  edcre  of  fome  cloth  turned  down  and  fcwed. 

//;W,  an  iron  joint  on  which  a  door  turns,  ^c. 

To  Httcb,  to  catch  hold  on,  with  a  hook  or  turn  of  a  rope. 

To  Hcife,  or  hoijl,  to  heave  up,  or  raife  by  force. 

Hook  pins^  taper  iron  pins  with  a  hook  head,  by  which  they  arc 

ftruck  out  again.     They  ferve  to  pin  the  frame  of  a  roof  or 

floor  together,  till  wrought  off. 
Hoop^  a  circular  ring  to  put  about  any  thing,  to  keep  it  fad. 
Hydraulics^  the  art  of  making  engines  for  water  works. 
fhdrometcr^  an  inftrument  to  meafure   the   denfity    of  fluids. 

Fig.  269. 

HydroJlaticSi  a  fcience  teaching  the  weights,  preflTures,  motions, 
and  properties  of  fluids. 

Hydro^atical  balance^  an  inftrument  for  finding  the  fpecific  gra- 
vity of  bodies. 

Hy^rometer^lcLn  inftrument  for  meafuring  the  moifture  and  dry* 

Hygrofcope,  \  nefs  of  the  air.     Fig.  265. 

I. 

Jach  an  engine  to  lift  up  a  loaded  cart,  or  the  roof  of  a  houfe, 
fcff.     See  Fig.  249.  Alfo  an  engine  to  roaft  meat.  Fig.  258. 

Jack  pump,  a  chain  pump. 

Jaums.,  door  pofts,  or  window  pofts,  ^c. 

Jet  d'  eau,  the  pipe  of  a  fountain,  which  fpouts  up  water  into 
the  air.     Fig.  287. 

Impetus.,  any  blow  Or  force  wherewith  one  body  ftrikes  or  im- 
pels another. 

Joint,  the  place  where  one  part  is  fixed  into  another,  or  moves 
about  it. 

Joifis,  thofe  pieces  of  timber  framed  into  the  dormant,  in  a 
houfe,  and  on  which  the  boards  of  the  floor  are  laid. 

K. 

Keys,  ftones  in  the  top  of  an  arch,  to  bind  the  fweeps  together. 
Kenk,  a  fnarle,  or  little  turn  upon  a  rope,  that  it  cannot  run. 
Knee,  a  crooked  or  angular  branch  of  timber. 

L- 

Lantern,  that  part  which  is  moved  by  the  cogs  of  a  great  wheel, 
afling  againfl:  the  fpindles  or  rounds.  The  drum.  Fig.  266. 
EF. 

Latch,  that  which  fattens  a  door,  ^c.     A  fneck. 

Leaver^ 
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J^aver^  or  lever,  a  bar  of  iron  or  wood  to  raife  a  weight:  one 

of  the  mechanic  powers. 
Leaves,  the  teeth  ot  a  pinion.     Fig.  185.  c,  f,  c. 
Ledge,  a  flat  bjrder  or  plain,  adjoining  to  a  thing. 
Level,  an  inft:ument  to  place  any  thing  horizontal. 
Linch  pin,  a  pin  that  keeps  a  wheel  from  coming  off  its  axle. 
Lip,  a  thin  euge  turned  hollow. 
Loop,  2l  piece. of  metal  having  a  hole  in  the  end,  which  goes 

over  fomething^   A  noofe  in  a  rope  that  will  flip. 

M. 

M^'Chine,  a  mechanical  inflrument  for  moving  bodies. 
Mechanics^  a  fcience  that  teaches  the  principles  of  motion,  and 

conftrudion  of  engines,  to  move  great  weights. 
Mechanic  powers,  are  thefe  flx;  the  balance,  leaver,  wheel,  pulley, 

fcrew,  and  wedge :  and  according  to  Tome,  the  inclined  plane. 
Mitre,  an  angle  of  45  degrees,  or  half  a  right  one.    And  half 

mitre  is  a  quarter  of  a  right  angle. 
Momentum,  quantity  of  motion  ;  or  the  force  or  power  a  body 

in  modon  has  to  move  another. 
Mortife,  a  fquare  hole  cut  in  a  piece  of  fl;uff,  to  receive  the 

tennant. 
Motion,  is  the  fuccefllve  change  of  place  of  a  body ;  or  its  paflf- 

ing  from  one  place  to  another. 
Moving  force,  any  active  force  or  power  that  moves  a  body. 
Alouth,  the  part  or  parts  of  a  machine,  that  take  hold  of  any-, 

thing.     The  entrance  into  any  cavity, 

N.. 

Navey  or  Naff,  the  block  in  the  middle  of  a  wheel, . 
Neck^  z  part  near  the  end,  cut  fmall. 
Notch,  a  dent,  nick,  or  flit  made  in  any  thing. 
Nut,  the  pinion  of  a  wheel.     Fig.  185.  M-    A  fmall  piece  of 
metal  going  upon  the  end  of  a  fcrew  nail. 

O. 

Ofcillation,  the  vibration  or  fwinging  of  a  pendulum. . 

P. 

Faddles,  a  fort  of  oars.    The  laddie  boards  on  the  edge  of  a, 
water-wheel. 

Pedeflah 
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Pedeftal,  the  bale  or  bottom  of  a  pillar.  ^,  ■ 

Pivrj,  or  Piers,  a  fort  of  buitrefies,  for  fupport  and  ftrength. 
Peg,  a  pin  to  go  into  a  hole. 
Pendulum,  a  weight  hung  by  a  ftring  or  wire,  Twinging  back  and 

forward,  to  mcafure  time. 
Ptiijlccky  the  fluice  or  door,  that  opens  or  fhuts  the  paffage  of 

the  water  to  a  water-wheel. 
Percujfwi,  the  ftriking  of  one  body  againft  another. 
Pejiil,  a  long  piece  of  wood  or  metal,  which  rifes  up  and  falls 

down  again  to  beat  or  bruife  fomething. 
Pc'-jetSy  or  Pivots,  the  ends  of  the  fpmdle  of  the  wheel  in  a 

clock  or  any  machine,  which  play  in  the 
Pevet  ho'es,  the  holes  in  which  the  ends  of  a  fpindle  or  axle  of 

a  wheel  turn.     Fig.  185,  e,f. 
Pickei,  a  ftake  poinded  with  iron,  to  drive  into  the  ground. 
Pillar,  a  perpendicular  column  fupportingoneend  of  an  arch,  &c. 
Pinion,  a  little  wheel  at  one  end  of  the  fpindle,  confufing   but 

of  a  few  leaves  or  teeth.     Fig.  185,  ylB. 
PljJon,  a  round  piece  of  wood  moving  up  and  down  within  the 

body  of  a  pump,  to  draw  up  the  water. 
Plaie,  a  piece  of  timber,  on  which  fome  heavy  work  is  framed, 

as  wall  plate,  ^c.     A  flat  piece  of  metal. 
Piijum.'.tics,  a  fcience  teaching  the  properties  of  the  air. 
Pole,  a  long  ftaff,  or  flendcr  piece  of  wood. 
Pcjl,  a  perpendicular  or  upright  beam  of  wood. 
Pozver,  the  force  applied  to  an  engine  to  raife  any  weight.     Or 

any  force  adling  upon  a  body  to  move  it. 
To  ProjeSl,  to  jet  out  or  hang  over. 
Projeoliles,  balls  or  any  heavy  body  thrown  into  the  air. 
Prop,  a  ftay  or  fuppott  for  any  thing,  to  bear  it  up. 
Pulle)\  a  (mail  wheel  with  a  channel  in  the  edge  of  it,  moving 

about  an  axis  fixed  in  a  block  ;  the  channel  is  to  receive  a 

rope  that  goes  over  it.     One  of  the  mechanic  powers. 
Purrip,    n  engine  to  raife  water.     Fig.  204. 
Punchins,  fhort  pieces  of  timber,  placed  upright  to  fupportfome 

weight. 

R. 

Rag-ivheel,  the  barrel  or  wheel  in  a  chain  pump. 

Rails,  fmall  pieces  of  wood  joined  into  others ;  thofe  pieces 

into  which  the  pannels  of  doois,  ^c.  are  fitted. 
Ps^ammer,  an  inftrument  for    driving  ftones  or   piles  into  the 

ground,  or  beating  the  earth. 
Random,  the  diftance  to  which  a  ball  is  fhot. 

Range, 
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Range,  the  direction  a  ball  is  (hot  in,  from  a  piece  of  ordnance. 

To  Range,  to  run  (trait,  or  diredly  in  a  line.  * 

To  Reeve,  to  pafs  a  rope  through  any  hole. 

Return,  the  fide  that  turns  off  from  any  piece  of  ftreight  work. 

Ribs,  (lender  pieces  of  timber,  ferving  for  (Irength  and  fopport. 

Riglets,  little  flat,  thin,  fquare  pieces  of  wood. 

Rim,  the  circular  part  or  outfide  of  a  wheel. 

To  Rivet,  to  batter  down  the  end  of  a  nail,  that  it  draw  not 

out  again. 
Rod,  a  long  flender  piece  of  wood  or  metal. 
Rolh  or  roller,  an  engine  turned  by  a  handle,  to  raife  weights, 

Fig.  243- 
Rounds,  the  (laves  or  fpindles  in  a  lantern,  againft  which  the 

teeth  of  a  great  wheel  work.     Fig.  266,  c,  c.     The  fteps  in 

a  ladder,  Qc. 
Ruler,  a  thin  ftrait  piece  of  wood. 
Rungs,  fpindles  or  rounds.     Fig,  266,  c,  c. 
Runner,  a  flat  circular  ring,  between  the  nave  and  linpin  of  a 

wheel.     Alfo  a  fort  of  rope  on  board  a  (hip,  to  hoift  with. 

S. 

Sails,  large  pieces  of  canvafs,  by  which  (hips,  windmills,  ^c. 
are  carried,  by  help  of  the  wind. 

Scantlin,  (tuff  cut  to  a  proper  fize. 

Screw,  one  of  the  mechanic  powers.  The  tap  with  the  thread 
is  the  malefcrew,  the  hollow  that  receives  it,  is  iht  female  fcrew. 

Scribing,  drawing  an  irregular  line  upon  one  piece  of  (tuff,  pa- 
rallel to  the  irregular  fide  of  another,  with  a  pair  of  com- 
pafTes  opened  to  a  due  diftance  ;  and  carried  along  the  fide 
of  it.  Then  the  wood  in  the  fir(t  piece  being  cut  away, 
thefe  two  pieces  will  fit  each  other. 

To  Seaze,  to  bind  or  faften  a  rope,  &c. 

Shaft  or  /hank,  any  long  part  of  an  in(trument,  cfpecially  that 
is  held  with  the  hands. 

Sheers,  two  poles  fet  up  an  end  Hoping,  and  tied  together  at 
top ;  and  fecured  by  a  rope  from  tailing.  Their  ufe  is  to 
raife  any  weight  by  help  of  a  block  and  tackle  at  top. 

Sheevers,  puUies,  the  little  wheels  that  run  in  blocks,  by  a  rope 
gon.g  over  them. 

Shelf  a  board,  &€.   fixt  horizontally. 

Shoulder,  a  part  of  timber  or  metal,  cut  thicker  than  the  re(t, 
in  orler  to  fupport  fomething. 

Shrouds,  tne  ledges  on  the  edge  of  a  guttered  wheel. 

O  o  Sills, 
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5///j,  felh^  or  grcia'JJ:ls^  pieces  of  timDer  ihac  lie  on  the  ground* 
into  which  others  are  fixed      Sole  trees. 

Siphon,  a  crooked  glats  tube,  for  drawing  off  liquors.  Fig.  216. 

Sleepers^  pieces  of  timber  laid  as  a  foundation  and  lupport  for 
others  that  are  to  lie  upon  them. 

5//;;? J,  thefc  arc  made  of  a  rope  fpliced  with  an  eye  at  either  end, 
to  ijjo  over  a  cafl<  or  fome  heavy  thing,  which  is  to  be  hoifted. 

Snatch  block.,  a  great  block  wvth  a  ("hecver  in  it,  and  a  notch 
cut  through  one  of  the  cheeks  of  it  ;  to  hitch  the  rope  into 
the  pulley,  for  readinefs. 

Socket.,  a  hollow  piece  of  metal,  in  which  any  thing  moves. 

Sole.,  the  bottotii  ot-  the  gutter  or  channel,  in  a  guttered  wheel. 

Sole  tree^  the  lojveft  piece  of  timber  which  lies  flat  on  the  ground, 
into  which  the  upper  works  are  framed.     The  groundfel. 

Spanijh  burton.,  a  fort  of  tackle  to  hoift  goods,  like  Fig.  197. 

Spear,  a  long  pointed  iron,  or  piece  of  timber. 

Specific  gravity.,  is  that  whereby  one  body  weighs  more  or  lefs-- 
than  another  of  the  fame  magnitude. 

Spike.,  a  pointed  iron,  or  piece  of  wood. 

Spindle,  the  axle  of  a  wheel.     Fig.  1 85.  ef. 

Spires,  the  turns  of  a  rope  about  a  cylinder  or  roller. 

To  Splice,  to  join  two  ropes  together  by  working  the  ftrands 
into  one  another. 

Spokes,  pieces  of  wood  running  from  the  center  of  a  wheel  ta 
the  circumference,  like  rays. 

Spring,  an  inftrument  made  of  fteel,  that  being  bent,  it  con- 
tinually exerts  a  great  force,  that  it  may  unbend  itfelf  again. 
Springing  plates  are  ibmetimes  made  of  brals. 

Spur,  a  fort  of  prop,  fet  afl 'p^  to  thruft. 

Spurs,  long  wooden  teeth  (landing  in  the  edge  of  a  l*rge  tim- 
ber wheel.     Fig>  192,  a,  a,  a. 

Spur  wheeU  a  wooden  wheel  where  the  teeth  ftand  in  the  edge 
of  the  rim.     Ftg.  192.  CD. 

Staff,  a  ftick  or  fmall  piece  of  wood. 

Statics,  a  part  of  mechanics,  teaching  the  motions  and  proper- 
ties of  heavy  bodies 

Stay,  a  piece  of  timber,  or  other  thing  fixed  as  a  prop  or  fop- 
port  to  fome  heavy  body. 

Steelyard^  an  mttrumt-nt  to  weigh  bodies,  confilling  of  a  long 
beam  and  a  mov<  able  weight,  Fig.  190. 

Stock,  the  wo^^den  part  of  a  thing,   ani  into  which  it  is  fixt. 

Stopple  or  ft opper,  a  plug,  that  fits  into  a  hole. 

Stops,  any  fmall  pieces  in  a  moving  machine,  that  ferve  to  ftop 
the  motion. 

8  Strain, 
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Strain^  the  ftrefs  or  violence  any  thing  fuffers  by   a  weight  or 

force  a6ling  againft  it. 
Stroaks  ovjiraiks,  the  iron  going  round  the  circumference  of 

carriage  wheels. 
Stud,  2L  knob,  or  little,  button.  A  folid  piece  of  inetal  fixt  to  a  plate. 
Stuff,  any  wood  that  joiners  work  upon. 
Swivel,  a  metal  ring  that  turns  about  any  way. 
Syphcn.  the  fame  as  fiphon.     A  crane.     Fig.  216. 
Syringe,  an  inftrument  for  injefting  liquors  into  any  place. 

t. 

Tackles,  blocks  with  pullies  and   ropes  in  them,  to  heave  up 

goods.     Fig.  196,   197. 
Tenon,  the  fquare  end  of  a  piece  of  wood,  made  to  fit  into  a. 

mortife  hole.  "■ 

Thermometer,  7   an   inftrument  to  fhew  the  degrees  of  heat  and 
Thermofcope,    S  cold.     Fig.  270. 

Thread,  the  fpiral  ridge  that  goes  windino-  round  a  fcrew. 
Thrujl,  the  afticm  againft  a  body  to  pufti  it  forward. 
Tight,  ftifF,  ciofe. 

Tongue,-  a  thin  flender  piece  of  metal  in  a  machine. 
Tool,  an  inftrument  to  work  with. 
Tooth,  the  indented  part  on  the  edge  of  a  wheel  that    moves 

fome  other  wheel.     Or  what  ferves  to  cut,  or  take  hold  on. 
Tranfom,  an  overthwart  beam  in  a  building. 
Triangle,  an  engine  ftanding  on    three  legs,  to  raife  weights 

with.     Fig.  195. 
Trundle,  the   part  which   is  carried  about   by  the  teeth   of  a 

wooden  wheel.     The  lantern  or  drum.     Fig.  266.     EF. 
Trunk,  a  hollow  tube  or  box. 
Tumbler,  a  part  in  a  m.achine  that  roils  about  upon  an  axis, 

and  plays  back  and  forward. 
Tumbrel,  a  roller,  or  cylindrical  beam  of  wood. 
Tympanum,  a  kind  of  wheel  placed  on  an   axle,  and  has  ftaves 

or  rounds  inftead  of  teeth,  and  is  carried   about  by  a  p;reat 

wooden  wheel.     A  trundle  or  drum.     Fig.  266.     EF,  " 

V. 

Vahe,  a  piece  of  wood,  lie.  fo  fitted  into  a  hole,  that  it  opens 
and  lets  a  fluid  pafs  tlirough  one  way  ;  and  fhuts  and  ftops 
it  the  other.  Fig.  268.  V.  IV.  A  finking  valve,  is  that  where 
the  water  follows  the  pifton.     A  forcing   valve    when  it    is 


^ 


driven  through  before  it. 


o 


O  o  2  Vane, 


284  EXPLANATION   OF   TERMS. 

Vane^  a  fail,  or  fan  ;  generally  to  fhow  the  point  of  the  wind. 
Velocity,  ^'.n  affedion  of  motion,  and  is  that  by  which  a  body 

pafTes  over  a  certain   fpace  in  a  given  time.     Swiftnefs,  or 

celerity. 
Vibration,  the  moving  or  fwinging  of  a  pendulum   back  and 

forward. 
Vis  inertia,  2l  property  of  body,  by   which  it  refifts  any  im- 

prefTed  force,  and  endeavours  to  continue  in  the  fame  ftate. 

W. 

Wallower,  a  trundle  upon  a  horizontal  axis.     Fig.  257,  F. 
Waterpoife,  an  inftrument  to  try  the  ftrength  of  liquors.     A 

hydrometer. 
Weh,  the  thin  broad  part  of  an  inftrument,  as  the  web  of  a 

key,  ^c. 
Wedge,  an  inftrument  to  cleave  wood.     One  of  the  mechanic 

powers. 
Wtight,  the  tendency  of  bodies  downward.    The  matter  raifed 

by  an  engine. 
Wheel,  a.  machine  confiftingof  an  axis  and  a  circular  rim,  witb 

teeth  in  it,  and  then  it  is  called  a  toothed  wheel. 

Smooth,  a  wheel  without  teeth,  turned  by  a  rope. 

Wheel  and  axle,  a  machine  to  raife  weights.     One  of  the  me- 
chanic powers,  Fig.  30. 
Winch,  an  inftrument  with  a  crooked  handle,  to  turn  any  thing 

about  with. 
Winder,  a  winch  or  handle  to  wind  about. 
Windlafs,  a  machine  to  raife  great  weights.     On  board  a  (hip, 

it  ferves  to   hoift   the  anchor.     It  is  an  horizontal  roller, 

turned  round  by  handfpikes. 
Windmill,  a  mill  to  grind  corn,   moved  by  the  wind.  Fig.  266. 
Wing,  a  thin  broad  part  that  covers  fomething,  or  hangs  oveF 

it.     Alfo  what  helps  to  give  due  motion   to  any  thing,  as 

the  hands  in  a  water  wheel  -,  a  part  of  a  fail,  &c» 
Worm,  a  fpiral  thread  running  round  a  cylinder,  forming  a 

fort  of  fcrew. 
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OF     THE 

Principal  Machines  defcribed  in   this  Book* 


AIR  Pump,  Fig.  277. 
Arch  for  bridges,  Fig.  307,  30? — to  jii* 
Artificial  fountains,  Fig.  271,  285,  286,  287. 
Axis  in  peritrochio,  Fig.  30. 
Barometer,  Fig.  218. 
Bellows,  Fig.  246. 

. —  by  water.  Fig.  241,  242. 

Blowing  wheel,  Fig.  284. 

Boats,  Fig.  199,  200. 

Bobgin,  Fig.  296.  '    .     v 

Carts,  Fig.  201,  202. 

Cheefe-prefs,  Fig.  189. 

Clock,  Fig.  302,  303. 

Coal-gin,  Fig.  250,  257. 

Crab,  or  capftan,  Fig.  248. 

Crane,  Fig.  192,  193. 

• compound,  298. 

Cutting  engine.  Fig.  304. 

Endlefs  fcrew.  Fig.  43,  igp 

Engine  to  make  a  hammer  ftrike.  Fig.  235. 

to  quench  fire.  Fig.  275. 

for  iron  works.  Fig.  236,  237. 

— — —  to  fhew  the  v/ind.  Fig.  253. 
■        —  for  drawmg  water.   Fig.  299. 

at  London- bridge,  Fig.  281. 

Eolipile,  Fig.  264. 

Fire  engine  for  coal-pits.  Fig.  274,  293. 

Glazier's  vice.  Fig  30;. 

Gun  powder  mill.  Fig.  297. 

Horft  mill.  Fig.  294. 

Hydrometer,  Fig.  269. 

Hydroftatic  bellows.  Fig.  259. 

Hygrofcope,  Fig.  265. 

Jack  for  roalling  meat.  Fig.  194,  258. 

for  raifing  weights.  Fig.  249. 

Lifting, 
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Lifting  ftock,  Fig.  295. 

Moufe-traps,  Fig.  261,  262. 

Organ,  Fig.  313. 

Pile  engines.  Fig.  245,  283. 

Pulleys  and  tackles.   Fig.  42,  230,  239,  247. 

Pumps,  Fig.  204,  238,  267,  268. 

Rag-pump,  Fig.  254. 

Rollers,  Fig.  227,  242,  243,  244. 

Rolling-prefs,  Fig.  273. 

Sailing  chario%  Fig.  234* 

Sawing  engine.  Fig.  263. 

Scales,  Fig.  188. 

Screw,  Fig.  37. 

Ship,  Fig.  276. 

. Iwitteft,  301. 

Silting  mill.  Fig.  251. 
Smoak-jack,  Fig.  235. 
Spinning-wheel,  Fig.  191. 

Steel  yard.  Fig.  190. 

—  compound.  Fig.  288. 

Syphons,  Fig.  216,  256. 

Tantalus'  cup 

Thermometer,  Fig.  270. 

Triangle  and  table.  Fig.  195. 

Twifting-mill,   Fig.  300. 

Waggons,  Fig.  213,  214. 

Walk-mill,  Fig.  255. 

Water-mills,  Fig.  260,  282,  306; 

Water-fcrew,  Fig.  272. 

Weighing  engine,   Fig.  312. 

Wind-mill,  Fig.  203,  266. 

. —  fmalj,  Fig.  252. 
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ERRATA. 

Page  2.  line  3,  for  whence  r^aa' where.  Page  12.  line  22.  dele  and  in  thefe 
direftions.  Page  23.  line  14  for  are  the  fquares,  nad  are  as  the  fquares. 
Page  H7.  line  2. /or  their  weights,  read  any  weights  Page  107,  lines  19, 
20.  </^/f  the  power  of  all.    Ibid,  line  25.  for  =  \d  read  =  |r. 
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